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AKTIVNY_ HLINIK A JEHO SUCASNY STAV V PODACH SR

ACTIVE ALUMINIUM AND ITS PRESENT STATE IN SOILS
OF SLOVAK REPUBLIC

J. Makovnikova, R. Kanianska

Research Institute of Soil Fertility, Banskd Bystrica, Slovak Republic

ABSTRACT: The study describes the state in the content of active Al in the territory of SR within probes of Partial
Monitoring System — soil. The lowest measured value from 61 taken probes was 0.09 mg/100 g, the highest value was
measured on KMd in Gelnica, that is 79.9 mg/100 g. The values measured are processed by correlation analysis (negative
multiplication dependence between Al content and soil reaction in KCI and positive linear dependence between Al content
and C,, content) and factor analysis which shows 90% possibility to express Al active content as a functional dependence
of two factors — pH and C,,. Toxicity of active Al as determined by coefficient of equivalent relationships AP*/Ca®t 72%
of all investigated samples was over the critical value of this coefficient (0.5).

active aluminium; acidification; toxicity of active aluminium

ABSTRAKT: Prica popisuje stav v obsahu aktivneho Al na izemi SR v rimci sond Ciastkového monitorovacieho systému —
poda. NajniZsia namerand hodnota z meranych 61 sond bola 0,09 mg/100 g, najvy$§iu hodnotu sme namerali na KMd
v Gelnici, a to 79,9 mg/100 g. Namerané hodnoty st spracované korelatnou analyzou (zaporna multiplika&na zavislost medzi
obsahom Al a pddnou reakciou pH v KCI a kladné linedrna zdvislost medzi obsahom Al a obsahom C,,) a faktorovou
analyzou, ktord ukazuje na 90% moZnost vyjadrit obsah aktivneho Al ako funk&ni zavislost dvoch faktorov, a to pH a C,.
Toxicita aktivneho Al je determinovana koeficientom ekvivalentnych vztahov AI*/Ca®*, nad kritickou hodnotou tohto

koeficientu (0,5) sa nachadza 72 % zo sledovanych vzoriek.

aktivny hlinik; acidifikacia; toxicita aktivneho hlinika

UVOD

Hlinik (Al) je najrozSirenej$im kovom v zemskej
kore. Jeho klarkovy obsah predstavuje 8,04 mg/kg
zemskej kdry. Obsah Al v pddach sa pohybuje od 1 do
30 mg/kg pody. Uginky Al na %ivé organizmy st vyso-
ko toxické. U rastlin inhibuje prijem P, obmedzuje rast
korefiovych vlaso&nic, negativne ovplyviiuje schopnost
rastlin prijimat Ca, Mg, Mn, Zn a hospodarit s nimi, o
ma nepriaznivy dopad na celkovy zdravotny stav a vy-
voj rastlin. Jeho akumulacia v Tudskom organizme,
hlavne v mozgu, ma negativny vplyv na centralny ner-
vovy systém (Elinder, 1984). V pode sa vyskytuje
vo viacerych formach v zévislosti od podmienok pro-
stredia. Hlavnym faktorom determinujicim rozpustnost
Al je podna reakcia.

Tento prispevok poukazuje na stav aktivneho Al
v podach SR, na jeho Statisticku distribdciu a potencidlnu
toxicitu pre rastliny, determinovani koeficientom ekviva-
lentnych vztahov aktivneho Al a vymenného Ca.

MATERIAL A METODA

V préci si pouZité idaje z monitorovacej siete Ciast-
kového monitorovacieho systému — pdda (CMS — P)
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zahriajice 286 sond. Systém monitorovania pad je za-
loZeny na sieti monitorovacich lokalit s charak-
terizovanymi pedologickymi sondami, ktoré reprezen-
tuji vietky najviac zastipené pbdne typy a subtypy
v hlavnych klimatickych regiénoch SR. Statisticka vy-
datnost systému je rieSend optimdlnou hustotou siete
pre celé izemie Slovenska v reldcii k moZnostiam mo-
nitoringu, to znamend, Ze necharakterizuje plosne vel-
mi tenké, tzv. bodové zdroje znedistenia.

S ohladom na chemické spravanie sa Al v pddnom
roztoku v zavislosti od pH sme stanovili aktivny Al
podla Sokolova (poda sa extrahuje IN KCI, Al sa vy-
zraZa NaF) v 61 vzorkich z prvého horizontu s pH
v KCI mendim ako 6.

VYSLEDKY A DISKUSIA

Zliceniny Al sa stavaji pohyblivej§imi v podmien-
kach s kyslou a velmi kyslou pddnou reakciou (Ha-
nes, 1977, 1988). Po hranicu pH/KCI = 5,5 je domi-
nantnou formou Al v pddnom roztoku i6én APt
obklopeny Siestimi molekulami vody. S rasticou hod-
notou pH sa i6ny Al postupne menia na nerozpustny
hydroxid hlinity. Zli¢eniny Al sa rozpistaju aj v silne
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alkalickom prostredi a vytvaraji zdporne nabité tetra-
hydroxidohlinitanové i6ny. Zavislost pH a rozpustnosti
zliCenin Al zobrazuje diagram rozpustnosti na obr. 1.
Prevazna Cast Al v pddnom roztoku je vo forme zlice-
nin s organickymi latkami, pri¢om schopnost organic-
kych ligandov detoxikovat Al kolie podla stability ich
komplexov.

Statistickd distribiciu aktivneho Al v rdmci sond
CMS - P v prvom horizonte polnohospodarskych péd,
ktorych pH v KClI je niZSie ako 6, zobrazuje obr. 2.

Inga,

0

—
0

Il
1. Diagram foriem Al v zivislosti od podnej reakcie a rozpustnosti

a, — Diagram of Al forms in dependence on soil reaction and solu-
bility a; (Yong et al., 1992)

\ 7]
L fl f L

40 68 0] 108
Al mp/100 g pady

2. Frekvenény histogram obsahu aktivneho Al v A horizonte pdd —
Frequency histogram of the content of active Al in A horizon of soils
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NajniZ§ia namerand hodnota bola 0,09 mg/100 g pody,
a to v Siestich pripadoch na KM (kambizem), PG
(pseudoglej), CA (Ciernica), CMh (&ernozem hnedo-
zemnd), najvys§ia namerand hodnota bola 79,9 mg/100 g
na KMd (kambizem dystrickd). Obsah aktivneho Al
v lesnych podach sa pohybuje od 0,10 do 89,6 mg/100 g
(na KMd).

Statistickii distribiciu aktivneho Al podla pédnych
predstavitelov zobrazuje tab. I. NajniZSie priemerné
hodnoty aktivneho Al si v skupine pdd s molickym
a melanickym [RAm (rendzina typick4), CMh (&erno-
zem hnedozemna), CA (Ciernica)] humusovym hori-
zontom s prevahou huminovych kyselin, s hodnotami
pH v slabo kyslej oblasti, kde je aktivny Al imobilizo-
vany organickou hmotou.

Obsah aktivneho Al v hydromorfnej skupine pod
(pseudogleje) kolise v zavislosti od pH a od vodného
rezimu v povrchovom horizonte, takisto aj v pripade
ilimerickych p6d (hnedozem glejova). ZvySené prie-
merné hodnoty aktivneho Al si v skupine nivnych pod
kyslych (fluvizem glejova) s periodicky zvySenou hla-
dinou podzemnych véd a bez obsahu karbonatov.

Kambizeme kyslé so zvySenym uvolfiovanim Al
a Fe z aluminosilikatov a s difiznym rozptylom vol-
nych oxidov a hydroxidov Al a Fe predstavuji silne
zataZend skupinu pdd aktivnym Al, predovsetkym

1. Statistickd distribicia aktivneho Al (mg/100 g) podla pédnych
predstavitelov — Statistical distribution of active Al (mg/100 g) ac-
cording to great soil groups

Podny typ! CMS - P (ffge;aiisﬁifiﬂﬁ)
CMh 0,09

CA 0,34

RMa 23

RMm 0,23

PG 0,7

HMg ' 4,01

FM 573

KMm 5,05 1,7
KMd 44,30 61,85
KMg 8,56

KM 6,8

KM spolu* 7,28 31,85
PZ 21,96 16,18

KMm - kambizem typicka — typical cambisol

KMd - kambizem dystrickd — dystric cambisol

KMg - kambizem pseudoglejova — pseudogleyic cambisol
FM - fluvizem - fluvisol

Ca - Ciernica — chernitsa

CMh - Eernozem hnedozemni — luvisol chernozem
HMg - hnedozem pseudoglejovéd — pseudogleyic luvisol
RMa - regozem arenické — arenic regosol

RAm - rendzina typicka — typical rendzina

PZ - podzol - podzol

PG - pseudoglej — pseudogley

. 2 o
lgrem soil group, “forest soils, 3measured values, "together
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kambizem dystrickd s nidznakmi podzolovania a kam-
bizem pseudoglejovd. Za osobitne zataZend skupinu
pod aktivnym Al pokladdme pddy podzolové zakysle-
né, s nizkou nasytenostou bazami, kde dochidza
k uvoliiovaniu Al z podloZia; vzhladom na slabi kon-
denzaciu organickej hmoty je Al slabo sorbovany a je-
ho velka &ast je v aktivnej forme. Oblasti, kde pozoru-
jeme pritomnost aktivneho Al v pddach SR, su
vyznacené na obr. 3. Zhustenie je zjavné najma v seve-

3. Obsah aktivneho Al v pddach v A horizonte — Active Al content
in soils in A horizon ¥

= aktivny Al nebol zaznamenany — active Al was not recorded
+ 0-0,1 mg AV100 g p6dy — 0-0.1 mg Al/100 g of soil

B 0,1-1 mg Al/100 g pddy — 0.1-1 mg Al/100 g of soil

A 1-10 mg AI/100 g pddy — 1-10 mg AV/100 g of soil

® > 10 mg AV100 g pddy — > 10 mg Al/100 g of soil

rovychodnej Casti Slovenska, ide véac§inou o kambize-
me dystrické, kambizeme pseudoglejové a kambizeme
typické kyslé, na zvetralinich kyslych hornin a o pod-
zoly hlavne v oblasti severného Slovenska. Priinou
zvySeného vyskytu aktivneho Al v pddach je tu v pr-
vom rade substrét, ale nezanedbatelny je aj vplyv kys-
lych depozit z Polska (obr. 4) zasahujicich vo zvy¥enej
miere prave spominané oblasti, vplyvom ktorych do-
chadza k zniZovaniu pH (KM a PZ si slabo rezistentné
vodi acidifikacii), a tym k zvySenému uvolfiovaniu Al
zo substratu.

) <1% E=2] 33-66%
=1 1-3% E=) > e6%

4. Riziko po3kodenia lesov v roku 2000 pri redukcii SO, 0 30 %
v Burépe — Risk of forest damage in 2000 in 30% reduction of SO,

ROSTLINNA VYROBA, 42, 1996 (7): 289-292

1I. Korelagné koeficienty — Correlation coefficients

Zavislost'
Korelaény koeficient?

Al/pH v KCl
-0,869

Al/obsah? C,,,
0,67

Idependence, 2correlation coefficient, “content

Korelané vztahy medzi obsahom aktivneho Al
a jednotlivymi charakteristikami danych pddnych ty-
pov, ako st pH v KClI, resp. C,,, st uvedené v tab. IL.
Zo sledovania korelaénych koeficientov vidime zapor-
ni multiplikaéni zavislost medzi Al a pH (obr. 5), ¢o
logicky vyplyva z rozpustnosti, vymennosti, z chemic-
kého spravania sa tohto prvku v pédnom roztoku.
Kladnu linearnu zavislost pozorujeme medzi Al a ob-
sahom C,, resp. humusu (obr. 6). PrevaZna Cast obsa-
hu Al je vo forme zli¢enin s organickymi latkami. Al
viazany v organickych koloidoch (fulvatoch, huma-
toch) podla komplexnosti vizby nie je do urCitej hod-
noty pH v pristupnej forme (Close, 1989). Obsah
aktivneho Al pri rovnakom obsahu C, zévisi od kva-

T
o8- . - N R
t \
s t v
) 1 v
a \ v
L '
=} =
8 \ \
g ' \
? \ \

L e e M e AR P e
1 1 L

5.3 5.8 6.3
pH/KCI

5. Multiplika¢nd zdvislost medzi aktivnym Al a pH/KCI pédy -
Multiplication dependence between active Al and pH/KCI of soil

3 8
T —T
AY
\
! I

Al mg/100 g pady
\
\

-¥
\
\
\
\
\
\
\
\
1

Cox %

6. Linedrna zdvislost medzi aktivnym Al a obsahom C,, v pdde —

Linear dependence between active Al and C,, content in soil
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23 . PredloZend praca charakterizuje stav obsahu aktiv-
s neho Al v ramci siete CMS — P, jeho tatisticku distri-
S sl 1  buciu a korel4cie medzi Al, pH a C. Z vysledkov je
zrejmé, Ze stav aktivneho Al v polnohospodérskej pode
sa da regulovat vapnenim, ¢im sa reguluje chemizmus
3k ol 7 pédy, hlavne pédna reakcia ako spi§taé mobility, a tym
. o o S je mozné zabranit jeho prenikaniu do potravinového

a7 . fd ’ 7 retazca a do spodnych vad.
[ oA Pozornost je treba venovat aj obsahu aktivneho Al
7k o ) ) e v podorniéi, kde méze byt priinou depresie prera-
" = =) 1 3 B 7 stanie korefiov do hlbky, spdsobuje zniZenie fyziolo-

PH gickej hibky pddy, z ktorej rastlina &erpa vlahu a Zivi-

7. Faktorova analyza pre dva komponenty (pH a obsah C,,) - Factor ny, ¢im sa zvySuje deficit vlahy v povrchovych

analysis for two components (pH and C,, content) vrstvéch pddy.

poéetnost’

42 pH/KCI

]
Al mg/100 g pbdy % 1 Al mg /100 g pady

8. Histogramy funkénej zavislosti aktivneho Al, pH v KCI a C, — Histograms of functional dependence of active Al, pH in KCl and C,,

0X

podetnost — numerousness

lity humusu a jeho detoxikaénych schopnosti. Faktoro- LITERATURA
va analyza obsahu aktivneho Al a zdkladnych podnych
charakteristik ndim umozZiiuje kon$tatovat, Ze obsah Al CLOSE, E. A. - POWELL, K. J.: Rapidly extracted (0,02
sa da vyjadrit z 90 % ako funk&né zavislost dvoch fakto-  mol CaCl,) reactive Al as measure of Al-toxicity in soils.
rov, a to pddnej reakcie v KCl a obsahu C, (obr. 7, 8). Austral. J. Soil Res., 1989 (27).

Toxicita Al pre rastliny je zévisla nielen od jeho ELINDER, C. G.: Metabolism and toxicity of metals. Berlin,
obsahu v potencidlne pristupnej forme, ale predovietkym  1984.
od pomerov medzi vymennymi katiénmi v pddnom HANES, J.: Obsah Fe a Al v lyzimetrickych vodach hnedo-
roztoku. Proces toxicity zakyslenia determinuje koefi-  zeme na sprai. PoInohospodérstvo, 12, 1973: 939-945.
cient ekvivalentnych vztahov AI**/Ca?* = . Kriticki HANES, J.: Rozbor chemickych a fyzikalno-chemickych
hladina pre citlivé rastliny o = 0,5, pre menej citlivé  vlastnosti pod. Navody na cvifenia z geolégie a pédoznalec-
a = 1,0; 72 % zo sledovanych vzoriek pdd je nad kri-  tva. Bratislava, Priroda 1988.
tickou hladinou a = 0,5, ¢im sa stavaji toxickymi pre ~ YONG, R. N. - MOHAMED, A. M. O. - WARKENTIN, B.
citlivé rastliny, obmedzuju rast ich korefiovych vlaso¢-  P.: Principles of contaminant transport in soils. Elsevier,
nic a celkovi prosperitu plodin. 1992.

Doslo 21. 8. 1995

Kontaktnd adresa:

RNDr. Jarmila Makovnikova, Vyskumny ustav pddnej drodnosti, MliddeZnicka 36, 974 05 Banska Bystrica, Slovenska
republika, tel.: 088/73 52 72, fax: 088/352 84
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RYCHLOST FOTOSYNTEZY A NARUST SUSINY VELMI
RANYCH ODRUD BRAMBOR

RATES OF PHOTOSYNTHESIS AND DRY MATTER ACCUMULATION
OF VERY EARLY POTATO VARIETIES

J. Zrast', M. Jizl?

TResearch Institute for Potato Growing, Havli¢kiiv Brod, Czech Republic
*Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The field trials were established in two regions with different weather conditions (Zabgice u Brna — 184 m of
elevation, Vale€ov u Havlitkova Brodu — 460 m of elevation). Four potato varieties were selected for the observations (Tab. I). .
The spacing chosen for the tuber planting was identical, 750 x 250 mm, with the same stand density of 53 300 plants.ha".
The trials were evaluated by the method of the vertical divided parts with four replications in two variants with fertilizer rates
60 and 120 kg N.ha™'. Net photosynthetic rate Py was measured in the period of visible beginning of bud formation when
Py of potatoes was on the top and a week later. The variety Ukama exceeds the rest of varieties with two exceptions in
experimental years 1994 and 1995. The variety Krystala showed the lowest Py, (Fig. 1). The level of nitrogen did not appear
prominently in varieties especially during dry conditions of 1994. The difference between varieties decreased with the higher
level of nitrogen approximately about a half in 1995. The difference among varieties with the lowest and the highest values
of Py was at 60 kg N.ha™' over 10 mg (d. m.) .dm™2h™" which represented 0.2867 mg when converted into m2s~. Si gnificant
differences of crop growth rate CGR were found out at the higher nitrogen level (Tab. IT). The week sequence of full blossom
stand is shown in Tab. II. From all the varieties observed on both locations, the highest value was found in the variety Impala
at 120 kg N.ha™!. The highest values CGR were found on the location Zabgice. The variety Impala achieved the highest value
of the LAl especially with nitrogen level 120 kg.ha’l and the variety Koruna had the lowest value with both levels of nitrogen
(Fig. 2). On an average the highest values of LAJ were found in mutual comparison of both nitrogen levels, locations and
years with higher level of nitrogen on the location Zab&ice in 1995. These differences were caused by higher rate of nitrogen
which positively affected the length of closed assimilation apparatus, in production activity formed more favourable soil and
climatic conditions of location placed in the maize — production region and higher total amount of rainfall during the growing
season in 1995. Factors mentioned above influenced favourably the values of leaf area duration LAD (Tab. III). The variety -
Impala achieved largely the highest value on both locations in both years. On the contrary, the variety Koruna attained largely
the lowest values of LAD. The varieties Krystala and Ukama did not show an essential difference on the location Zabgice
while the higher values of variety Ukama were reached in potato production region conditions. The total yield of tubers was
affected by values of the above-mentioned parameters (Tab. IV). The variety Impala showed the highest yield and the most
favourable values of growth analytical characteristics on both locations during both years. The effect of higher rates of
nitrogen applied positively affected all the varieties observed, on both locations and both years (Fig. 3). The differences (Tab.
V) in tuber yield of some varieties in the period from last sampling to harvest were caused by the different late blight infection
level on potato plant leaves.

very early potato varieties; N nutrition; location; growth analytical characteristics; photosynthetic rate; yield of tubers

ABSTRAKT: V polnich pokusech zakladanych ve dvou produkénich oblastech (Zab&ice u Brna — 184 m n. m. a Vale&ov
u Havli¢kova Brodu — 460 m n. m.), na dvou hladinich N (60 a 120 kg.ha") se C¢tyfmi velmi ranymi odridami brambor
(Krystala, Koruna, Impala a Ukama) byla mimo jiné sledované rychlost fotosyntézy Py, nartst susiny, listové plochy a hliz
v prib&hu vegetace v péti terminech a pfi fyziologickém dozréni porostu. Nejvy$si Py méla odriida Ukama, nejniZi odriida
Krystala. V niZ3i hladin& N byly rozdily mezi odriidami v&t$i, dosahovaly pes 10 mg susiny.dm™2h™! (0,2867 mg susiny.m™2. s™").
Za pfiznivych vldhovych pomérl v roce 1995 byly hodnoty Py u vétiiny odrid vy33i, hladina N neméla tak velky vliv. Vy3§i
pram&mé hodnoty LA byly zji§t¥ny na vy33i hlading N, na stanoviiti v Zabgicich a v roce 1995. Nejvyssi hodnoty LAl méla
odrida Impala, nejniZ8i odrida Koruna. Velké rozdily v LAD, které ovlivnily pfirdstky hliz, se projevily rovn&Z mezi
odriidami, hladinami N a stanovisti. Znovu se tak prokédzal vyznam charakteristik zji¥fovanych metodou analyzy ristu pro
fytotechnické i $lechtitelské hodnoceni odriid brambor.

velmi rané odriidy brambor; vyZiva N; stanoviité; charakteristiky zji§tované metodou analyzy riistu; rychlost fotosyntézy;
vynos hliz
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Pro tvorbu biomasy a jeji distribuci v rostliné bram-
boru je vyznamna délka vegetaini doby. Pozitivni ko-
relace byly zjistény mezi délkou vegetacni doby a vyssi
vynosovou vykonnosti (Avratov§&ukova, 1967).
Znamena to, Ze se ve §lechtitelském procesu obtizné
ziskavaji velmi rané odridy s poZadovanou vykonnosti
a odpovidajicimi hospodatsky vyznamnymi vlastnostmi
(dobra konzumni kvalita, vhodnost pro vyrobu potravi-
néafskych vyrobku, velikostni a tvarovd vyrovnanost
hliz, odolnost k ménicim se vegetatnim podminkdm,
chorobdam, mechanickému poskozeni aj.).

Mnohé charakteristiky vyznamné pro produkéni vy-
konnost jsou vzajemné zavislé a musi se pocitat s je-
jich interakcemi pfi tvorbé vynosu. Nékteré z nich je
mozno povaZovat za zvlast daleZité. Pro dosaZeni vy-
sokého hospodatského vynosu uvadi Zriast (1977)
sedm charakteristik. Jde o: rychlost, s jakou je vytvaren
asimilaéni aparét, velikost plné funkce schopné listové
plochy, produktivitu listd, Zivotnost pIné funkénich lis-
td, co nejdelsi obdobi optimalné rozvinuté listové plo-
chy, relativni rychlost ristu zdsobnich orgénii, odpovi-
dajici rozdéleni vytvofenych asimilati do produkéniho
procesu a k tvorbé zdsobnich organt.

Slechtitelé (Konrad, 1978; Findejs, 1978) se
shoduji na poZzadavcich rychlé tvorby a ukonceni ristu
nadzemnich &asti trsu po dosaZeni nezbytné nutného
rozsahu. Cim ran&j§i odriida, tim pfiznivéjsi je rychla
tvorba trsu. To totiZ umoZiiuje brzky odvod asimilata
do vytvofenych hliz. Zdurazfiuji téZ velmi intenzivni
a ekonomickou praci asimila¢niho aparatu. Pro odrady
s kratkou vegeta&ni dobou je nutnd &asn4 iniciace hliz
a jejich rychla tvorba, aby byly pokud mozZno co nej-
dfive v konzumni zralosti a odpovidajici kvalité.

V na8i préci jsme se proto opét zaméfili na sledovani
rychlosti fotosyntézy, naristu susiny nadzemnich orga-
ni, velikosti a doby udrZeni listové plochy v &innosti
a na tvorbu hliz.

—

MATERIAL A METODA

" Polni pokusy se zakladaly ve dvou oblastech s roz-
dilnym klimatem (na pozemcich SZP MZLU v Zabgi-
cich u Brna — 184 m n. m., kukufi¢nd oblast, pady
t&€Zké, s dobrou zdsobou P a Mg, stfedni zasobou K,
a na stanici ValeCov, nileZejici VUB v Havlitkové
Brodé — 460 m n. m., bramboréi'sk4 oblast, pidy leh¢i
a7 stfedné tézké, s dobrou zdsobou P, stfedni zdsobou
K a malou zasobou Mg). Do téchto pokusu byly zara-
zeny dvé naSe velmi rané odridy brambor Krystala,
Koruna a dvé zahrani¢ni velmi rané odridy brambor
Ukama a Impala.

Neékteré vyznamné charakteristiky téchto odrud a je-
jich piivod uvadi tab. I — pfevzato vétsinou z literatury
(Valentovi, 1995).

Sadba Ceskych odrid byla prevazné ve stupni S
(pfimo ze $lechtitelskych pracovist), zahrani¢ni odrudy
byly ve stupni Elita. Hlizy velikosti 30 aZ 55 mm,
hmotnosti 60 aZ 80 g se sazely piedkli¢ené (klicky 10
az 20 mm) do sponu 750 x 250 mm (hustota porostu
53 300 rostlin na 1 ha). Pokusy se zaklddaly metodou
kolmo délenych dilcu ve Etyfech opakovénich s varian-
tami 60 a 120 kg N.ha™!. Ostatni Ziviny byly jednotné:
50 kg P.ha'a 130 kg K.ha™! v & %. Odbéry rostlin pro
rozbory se provadély v tydennich intervalech od nasa-
zeni prvych hliz. Hodnotily se ukazatele:

— rychlost fotosyntézy P, méfena gravimetricky po-

moci teréikové metody (Setlik, Sestak, 1971),
— narust suSiny trsu a listové plochy charakteristikami

ziskanymi metodou analyzy ristu (Ne&as et al.,

1966),

— rychlost narastu hliz,
— celkové produkce hliz a produkce hliz > 30 mm,
— vynos hliz a obsah jejich suSiny.

VYSLEDKY A DISKUSE

Naméfené hodnoty Py (obr. 1) se pohybovaly v roz-
mezi odpovidajicim naSim dfivéjSim pokusim (Zrust,

. N&které charakteristiky sledovanych odriid — Some characteristics of the studied varieties

Vegetaéni T Rychlost | Dynamika | Poget hliz | Podil hliz’ | Vynos hliz®
Odriida’ doba fuid ] riistu torby | pod trsem® | <40 mm | 1992-1994 | Zem& - misto Slechténi®
(dny)? nate* hliz (ks) (%) (tha™")
Krystala 106 St-L 8,0 8,0 11 11 33,5 CR - Sativa (Keikov)
Koruna 115 St-L 6,1 78 14 23 37,0 CR - Sativa (Keikov)
Nizozemsko — Agrico
Impala 108 St 6,9 83 13 24 44,4 (Emmeloord)
Nizozemsko — De Z. P. C.
Ukama 117 L - St 7,6 8,1 12 20 43,2 (Lseuwarden)

St — stonkovy typ — stem type

L - listovy typ — leafy type

1-9 — devitibodova stupnice (1 — nejniZsi, 9 — nejvy3si) — nine-point scale (1 — lowest, 9 — highest)

‘vnriely, z§

of tubers, “yield of tubers, ')country - site of breeding
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Smolikova, 1977, Zrust, 1983). V t&hto pra-
cich jsme uvad&li priméry za sedm tydnl vegetace.
Vy&&i hodnoty v tomto pokusu jsou z kratkych, pouze
tydennich intervali méfeni v useku vegetace s nejvys-
§im Py. V prvém tydnu (22. aZ 24. 6. 1994 a 12. aZ
14. 6. 1995) §lo o obdobi okem patrného po&atku tvor-
by poupat, ve kterém rychlost fotosyntézy u brambor
kulminuje. Ve druhém tydnu (27. aZ 30. 6. 1994 a 19.
az 21. 6. 1995) méla Py nékterych odrid jiZ klesajici
tendenci. Tykalo se to pfedev§im niZ3i hladiny N.

V naSem pokusu §lo o velmi rané odridy a lze tedy
predpokladat, Ze absolutni hodnoty Py byly niZsi, nez
kdybychom méli v pokusech zafazeny odrudy s delSi
vegetani dobou, které byvaji fotosynteticky ucinné&jsi
(Avratovi§éukova, 1973; Zrust, Dobiasg,
1983).

Odridové rozdily, zpusobené ziejmé& vykonn&j$im
listovym aparitem u odrid s relativné del§i vegetadni
dobou, se projevily i v tomto pokusu. Odridy Koruna
a Ukama s delSi vegetacni dobou vykazovaly jiZ z po-
Céatku vegetace vy3Si P. K nim se fadila odrida Impala
s kratkou vegetalni dobou, ale s vysoce fotosynteticky
ucinnym listovym aparatem.

Rozdily mezi odridami byly na hladiné 120 kg
N.ha™! nizsi oproti polovi¢ni hladiné N. Nejvétsi roz-
dily mezi odridami Krystala a Ukama jsme naméfili
v roce 1995 na hladiné 60 kg N.ha™! (pfes 10 mg susi-
ny.dm~2h7"). Pii piepoctu na 1 m? za 1 s tento rozdil
¢ini pres 0,2867 mg, tedy okolo 50 %.

Vys§i Py ve variant€ 120 kg N.ha™! oproti variant¥
s poloviénim N je pfedev§im v roce 1995 v souladu
s poznatky tykajicimi se vlivu N na Py a koncentraci
chlorofylu, v&etné vlivu na priduchy (Natr, 1972;
Zrust, nepubl.). VySi Py viak mnohem vice neZ hla-
dina N ovlivnila padni vlhkost, ktera byla piiznivéjsi
pravé v roce 1995. Souhlasi to s nasimi diivéj$imi po-
kusy (Zrust et al., 1994).

Tydenni interval v dseku plného kvétu s nejvysSimi
hodnotami rychlosti rustu porostu CGR ve vegetaci
jsme vybrali zdmérn&, aby vynikly rozdily mezi odri-
dami (tab. II). Jde pouze o kritky Casovy isek, ktery
nelze porovnavat s konednymi hodnotami vynosu jed-
notlivych odrid. Udaje vSak presto charakterizuji ris-
tovou aktivitu odriid a jejich produktivitu v intervalu
maximalniho ristu kazdé z nich. Nejvy$si hodnoty vy-
kézala na obou stanovistich odrida Impala na hladiné
120 kg N.ha™L,

V teplejii oblasti Zabgic s nizkou nadmotskou vy3-
kou a vys§i intenzitou fotosynteticky ucinného zéfeni
se dosahovalo vy33ich hodnot CGR. Vys3i rychlost ris-
tu byla podpofena rovnéZ vyssi hladinou N hnojeni.
Vliv N na produkci je dostate¢né zndmy a byl zachycen
v mnoha pracich.

Optimalizace produkénich procest velikosti listové
plochy je rovnéZ zndma (Singh, Singh, 1987)
a velmi diskutovand, zejména ve spojitosti s mnoz-
stvim zafeni zachyceného porostem (napf. Allen,
Scott, 1980; Povolny, 1995). Pfi ovlivnéni listo-

II. Rychlost ristu porostu CGR brambor v g suéiny.m_z.d' L potitani ve vybraném tydennim tseku v dobé& plného kvétu v roce 1995 — Crop
growth rate CGR of potatoes in g of dry matter.m™.d™", calculated from the chosen one-week period in the full flowering period in the year 1995

Odrudy' Krystala Koruna Impala Ukama

N (kgha™) 60 120 60 120 60 120 60 120

Zabgice 25,31 29,62 23,11 32,07 24,47 43,58 25,96 32,10

Valecov 17,99 23,45 23,25 31,97 24,83 37,38 15,16 26,77
!varieties
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2. Prib&h listové pokryvnosti LA/ (priamér
&tyF opakovini) — Changes with time in leaf
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area index LA/ (averaged three replications)
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vé pokryvnosti LAl agrotechnickymi a vyZivarskymi
opatfenimi je tieba dbit na to, aby nebyl ruSen efekt
vy$§iho mnoZstvi pohlceného zafeni velkou listovou
plochou znaCnou spotfebou asimilati na jeji tvorbu.
Plati to i ve vytyCovini cila Slechtitelské prace (Ne-
Cas, 1968, 1974).

Nejpfiznivéjsi prub&h LAl méla v naSich pokusech
na obou stanovistich odrida Impala (obr. 2), coZ se
pfiznivé odrdZelo v nartstu hliz béhem vegetace i v ko-
ne¢ném vynosu. Kladny vliv N na velikost listové plo-
chy je rovnéZ znamy (Harris, 1992) a potvrdil se
v obou oblastech. Vyhodn&;jsi riistové podminky v Zab-
icich mély kladny vliv na LAI, coZ se projevilo zvy-
Senymi hodnotami. Pfi porovnéni vysledkl z obou let
vyhodnéj$i vlahové poméry v roce 1995 se promitly
i do vyse LAl v tomto roce.

Vhodnéjsim ukazatelem budouciho vynosu neZ sa-
motna hodnota LA/, indikujici velikost listové plochy,
je délka, po kterou zistava listova plocha v Cinnosti,
vyjadiend integralni listovou plochou LAD (Gmelig-
Meyling, Bodlaender, 1981), vfetné orientace
listd na stonku, umoZiiujici optimalni pohlcovani zafeni.
V této charakteristice vy$la nejlépe na stanovisti Zabgice
odriida Impala, nejhife Koruna. Na ValeCové si aZ na
jednu vyjimku v obou hladinich N udrZely nejdéle listo-
vou plochu v &innosti obé zahrani¢ni odrady (tab. III).

NiZ$i hodnoty LAD na Valedov& oproti Zabg&icim
byly dany jednak krat$i dobou sledovéni tohoto ukaza-
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tele, jednak vy$8i nadmoiskou vySkou a hor§imi klima-
tickymi podminkami v této oblasti. NiZ§i hodnoty zji§-
t&né v roce 1994 oproti roku nasledujicimu byly zpa-
sobeny hor§imi vlahovymi poméry v této vegetaci.
Zavislost konecného vynosu na této charakteristice
u jednotlivych odrid se potvrdila na obou stanovistich,
v obou letech i hladinich N.

Jak signalizovaly jednotlivé charakteristiky analyzy
rastu v pribéhu vegetace i méfend rychlost fotosynté-
zy, dominovala v narustu &erstvé hmotnosti v obou hla-
dindch N na obou stanovistich odrida Impala, ktera si
béhem vegetace udrzovala po celou dobu odstup od
ostatnich odrid (obr. 3). Vyjimkou byl rok 1995 na
stanovisti Valeov, ve kterém neméla tato odriida z po-
&atku, b&hem prvych dvou odbérti, vyraznou dynamiku
piirastku hliz. Tu ziskala aZ v prub&hu vegetace.

V pfirastcich hmotnosti hliz béhem vegetace zby-
lych tii odrid se projevily rozdily mezi obéma stano-
viiti. V kukufi¢né oblasti nasledovaly odridu Impala
s odstupem vét§im ¢i menSim v jednotlivych odbérech
odrudy v pofadi Krystala, Ukama a Koruna.

V bramborafské oblasti mé&la druha ze zahraniCnich
odrid Ukama nejpomalejSi dynamiku pfiristka hliz
z poéatku vegetace v obou letech. V roce 1994 pieko-
nala Ceské odrudy aZ v zavéru vegetace, tedy v dobg,
kdy je tato skupina velmi ranych odrid jiZ v praxi skli-
zena. V roce 1995 se pfiristky hliz této odrudy zvysily
ve druhé poloviné vegetace. Z Eeskych odrud byla na

ROSTLINNA VYROBA, 42, 1996 (7): 293-300
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3. Narust Eerstvé hmotnosti hliz v g.u‘s" - Increase

of tuber fresh weight in g per hill
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III. Hodnoty integrailni listové plochy LAD v m?.d™' v Zabéicich a na ValeSov& v roce 1994 za 10 a 9 tydni vegetace a v roce
1995 za 10 a 7 tydni vegetace (prim&r &tyf opakovéni) — Leaf area duration LAD in m?.d”" in Zab&ice and ValeZov in the year
1994 for 10 and 9 weeks of vegetation and in the year 1995 for 10 and 7 weeks of vegetation (averaged four replications)

QOdrudy' Krystala Koruna Impala Ukama
N (kg.ha™') 60 120 60 120 60 120 60 120
. 1994 29,18 32,98 21,71 25,12 30,09 39,27 27,07 32,16
Zabice
1995 30,52 34,73 23,93 26,63 32,40 41,98 29,01 34,45
1994 13,90 16,38 14,89 17,38 16,76 21,56 18,75 19,75
Valegov
1995 24,49 30,72 19,72 24,54 23,66 33,07 25,35 33,48
lvarieties

IV. Hmotnost viech hliz a hliz velikosti > 30 mm jednoho trsu v g (primér &tyf opakovini) — Total weight of tubers and weight of tubers

of the size > 30 mm per hill in g (averaged four replications)

Odrudy' Krystala Koruna Impala Ukama
N (kg.ha™") 60 120 60 120 60 120 60 120
1994 = 506,34 569,75 382,74 515,15 581,61 675,33 440,62 547,23
Zabgice > 30 mm 488,79 549,91 365,39 496,48 556,75 644,94 42275 527,44
1995 = 705,86 775,19 627,91 684,99 799,02 948,03 632,88 707,60
> 30 mm 681,66 751,64 609,38 669,09 773,30 925,61 613,46 686,63
1994 £ 471,50 497,75 508,25 659,50 728,25 853,75 564,00 739,75
Valegov > 30 mm 452,75 472,50 477,00 635,00 704,00 840,50 552,00 719,00
1995 Z 612,75 727,50 717,50 788,50 717,50 923,00 617,50 806,00
> 30 mm 603,75 712,50 704,00 796,00 703,00 908,00 601,50 788,50
!varieties

stanovisti ValeCov vykonnéjsi b&éhem vegetace vétsi-
nou odrida Krystala, pfi fyziologickém dozréni ji pfe-
konévala odriida Koruna v obou letech (tab. IV).

Pfi statistickém zhodnoceni vynosu (tab. V) po fy-
ziologickém dozrani porosti se vysledky odrid a ze-
jména stanovist liSily od vysledki ziskavanych béhem
odbérii ve vegetaci. Casovy interval mezi poslednim,
patym odbérem a sklizni po fyziologickém dozrani byl
mésic a vice. V tomto obdobi se nepodafilo udrZet po-
rosty jednotlivych odrid zcela bez napadeni plisni
bramborovou. Zejména stanovisté v Zabgicich bylo vi-
ce postiZeno. Z tohoto diivodu dochdazelo v posledni fa-
zi vegetace k rozdilim mezi odridami a stanovisti.

Vysledky z roku 1995 byl ziskany za podpory Gran-
tové agentury CR (grant &. 503/95/0185).
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V. F-hodnoty a hodnoty prim&mych &tverct z analyzy rozptylu a prikazné rozdily ve vynosu hliz > 30 mm na trs — F-values and mean square values from analysis of variance and significant differences of yield

of tubers > 30 mm per hill

Roky' 1994 1995
Zdrof. 2 N? F-hodnoty* pelmbary pritkaznost$ N F-hodnoty  |primé&rny &tverec|  prikaznost
proménlivosti Ctverec
Opakovini’ 3 1,465 3422,188 3 0,545 2 697,932
Hladina N® (N) 1 80,449 187 922,250 ¥ 1 44,661 221 252,641 s
Odridy® (0) 3 57,445 134 187,604 s 3 16,965 84 046,932 e
Stanovists!? (S) 1 68,495 160 000,000 ** 0,564 2 795,766
NxO 3 3,835 8 957,625 ¥ 3 1,700 8 422,266
NxS$S 1 0,976 2 280,063 1 3,023 14 975,641 +
OxS$S 3 19,398 45 311,125 ** 3 5229 25 902,724 e
NxOxS 3 0,897 2 095,021 3 0,265 1 315,266
Chyba!! 45 2 335,921 45 4 954,099
+ statisticky prikazny rozdil'? (P < 0,1); * statisticky prukazny rozdil (P < 0,05); ** statisticky vysoce prikazny rozdil"® (P <0,01)
Priikazné rozdily'?
Rok 1994 1995
Hladina N Pramér'* Tukey Odriady Primér Tukey Hladina N Primér Tukey Odridy Primér
120 kg/ha 6108 g 5%244¢g Impala 686,5 g 5% 456 g 120 kg/ha 7793 g 5%355¢g Impala 8284 g
60 kg/ha 5024 g 1%325¢g Ukama 5554 g 1%565¢g 60 kg/ha 6618 g 1%473 g Koruna 6939 g
Koruna 4934 g Krystala 6873 g
Stanovisté Prumér Tukey Krystala 491,1 g Stanovisté Ukama 6726 g
Valedov 606,6 g 5%244¢g Valegov 7272 g 5%355¢g Tukey 5% 66,5 g
Zabgice 506,6 g 1%325¢g Zabgice 7139 g 1%473 g 1%822¢g

3 e _— . - . e . . g . 4
lyears. source of variability, 3d. £, *F-values, *mean square, (’s:gmﬁcance. 7replu:mmn. 8N level, *varieties, '®location, ''error, l2sxgmﬁcant differences, l:‘hxghly significant differences, ! average
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VLIV APLIKACE CYTOKININU A DUSIKATEHO HNOJENI
NA JARNI PSENICI

INFLUENCE OF THE APPLICATION OF CYTOKININ
AND NITROGEN FERTILIZATION ON SPRING WHEAT

D. Hradeck4, L. Staszkova

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: In the years 1993 to 1995 the effect of postfloral application of cytokinin N-6-m (hydroxybenzyl) adenosine
and two nitrogen doses (40 kg/ha and 70 kg/ha in the form of calcium nitrate applied before anthesis) as exerted on the
formation of yield-forming components, height of economic yield and spring wheat quality was studied in spring wheat, cv.
Sandra. Six treatments were evaluated: control, control + cytokinin, 40 kg N, 40 kg N + cytokinin, 70 kg N and 70 kg N +
cytokinin (Tab. II). Besides length of stem, number of tillers and dry matter, leaf area index LA/ as well as tillering potential
OP during the growing season were evaluated. In postfloral period, roughly six weeks after application of cytokinin, spec-
trophotometrical methods were used to determine activity of glutamate kinase in upper two flag leaves. Grain quality after
harvest was assessed from wet gluten content (fixed on the Glutomatic device) and from the value of falling number (fixed
on the device Falling Number manufactured by the Swedish company Perten). Nitrogen and cytokinin fertilization had a
positive effect on the yield and quality of grain, particularly in the years 1994 and 1995. Both years differ by weather
conditions (Fig. 1). Data on yield components are summed up in Tabs III to V. Out of yield-forming components (Tabs VI
and VII) the number of grains per spike was the most affected, while TKW at least. Nitrogen fertilization and cytokinin
application limited the reduction of tillers and reduced potential spike productivity (numbers of established spikelets and
florets in spikes to actual number of grains per spike). The effect of cytokinin on glutamate kinase enzyme activity, on the
value of falling number and wet gluten content (Figs 2 to 5) is evident. Treatments of 40 kg N + cytokinin and 40 kg N were
manifested most. An analysis of production-ecological and yield components in different years indicates that the effect of
treatment was manifested significantly particularly in less favourable years when cytokinin aided to plants to overcome the
stress, e.g. in 1994 stress from drought (Tab. IV). In this weather unfavourable year the effect of treatment was most marked
for the whole evaluated period. In 1993 higher dose of nitrogen decreased grain yield (Tab. III). Length of stems, number of
tillers and leaf area index (which were different in wetter and warm year of 1995 and in more arid year of 1994) differed
significantly along with integral characteristics, leaf area index LAI and tillering potential. In treatments 40 kg N + cytokinin
increased activity of glutamate kinase (Tab. VIII) was recorded. Results presented in Figs 2 to 5 indicate some relations
between glutamate kinase activity, falling number and gluten content. In addition, they also indicate significant effects of
a year (weather conditions), in concrete terms — formation of progression of yield-forming components in time, and quality
of production as well. Ecophysiological manifestations of growth are in congruency with literature.

grain yield; cytokinin; nitrogen nutrition; wet gluten; falling number; glutamate kinase

ABSTRAKT: V letech 1993 aZ 1995 byl hodnocen vliv postfloralni aplikace aromatického cytokininu, N-6-m (hydroxyben-
zyl) adenosinu a dvou dévek dusiku pfed kvetenim (40 kg/ha a 70 kg/ha ve form& ledku vapenatého) na vysi vynosu a jakost
jarni pSenice odridy Sandra. Byly zjidt&ny statisticky priikkazné rozdily mezi variantami oSetieni u vynosu, HTS, po&tu zrn
na klas a u vegeta¢nich, ekofyziologickych znaku: hmotnost celkové suiny, pokryvnost listovi (LAJ), odnoZovaci potenciél
(OP — integral plochy pod kfivkou udédvajici celkovy poet odnoZi podilejicich se na tvorb& vynosu za celé vegetatni obdobi)
a fotosynteticky potencial (LAD). Vliv ro&niku se projevil v délce stébla, velikosti asimila¢ni plochy a celkovém podtu odnoZi.
Vyrazny pozitivni vliv na vynos zrna mélo dusikaté hnojeni a cytokinin v letech 1994 a 1995. Z vynosotvornych prvki byl
nejvice ovlivnén polet zrn v klasu a mén& HTS. Dusikaté hnojeni i aplikace cytokininu omezily redukci odnoZi. Je ziejmy
vliv cytokininu i dusiku na aktivitu enzymu glutamétkinazy, na hodnoty padového &isla a na obsah lepku (obr. 2 a% 5).

vynos zrna; cytokinin; aplikace dusiku; lepek; padové &islo; glutamatkiniza
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Prace navazuje na souvislou ¢asovou fadu malopar-
celkovych i poloprovoznich pokusu, realizovanych na
CZU v letech 1983 a7 1992, s postfloralni aplikaci aro-
matickych cytokinini [(N-6-m) (hydroxybenzyl) ade-
nosin] na obilniny, pfevazZné v fepaiském vyrobnim ty-
pu, kde vysledkem oSetfeni byly vynosové pfiristky u
raznych obilnich druht a jejich odrid v rozmezi 5,8 az
22,0 %, v zavislosti na ro¢niku, agrotechnice, predplo-
diné a odrudé.

Byla zaznamendna omezend redukce fertilnich od-
nozi, omezena redukce generativnich orgdni a v sou-
vislosti s tim vy38i pocet zrn v klasu a vzrist hmotnosti
zrn. Pii riznych davkach a formach aplikovaného du-
siku a v riznych rocnicich byl podil vlivii hodnoceny
faktorovou analyzou u cytokinini 7 aZ 24 % a u vyZi-
vy dusikem 12 aZz 29 %. V pokusech, které realizovali
Trckova, Kaminek (1990), byly vynosové pfi-
rastky pfi postfloralni aplikaci cytokininu vyssi pfi niz-
§im mnozstvi rostlindm pfistupného dusiku.

Jednim z cild prace bylo ovéfeni predpokladu cito-
vanych autord v polnich podminkach. V pfipadé jeho
platnosti by totiZ bylo moZné uvaZovat o sniZeni davek
dusiku po aplikaci cytokininu, resp. o omezeni ucinka
stresu z nepfiznivych podminek, coZ by bylo vyhodné
jak z hlediska ekonomického, tak i ekologického.

MATERIAL A METODA

Presné polni pokusy s jarni pSenici (odrida Sandra)
byly uskute¢n&ny na pokusnych pozemcich CZU
v Suchdole a Uhfinévsi. Obé stanice se nachazeji v fe-
paiském vyrobnim typu. Stanovistni charakteristiku
pokust uvadi tab. L.

Dynamika tvorby a redukce vynosotvornych ukaza-
tel, pocet odnoZi, odnoZovaci potencial (neboli integ-
rél plochy pod kfivkou, udavajici zmény v primérném
pottu odnoZi na rostlinu), asimila¢ni plocha, suSina,
pramérny pocet kvitki, klaski a zrn na klas byly hod-
noceny u tfikrat deseti rostlin v zhruba 14dennim inter-
valu podle metody, kterou uvadéji Kveét etal. (1971),
a po sklizni u 50 rostlin od kazdé varianty oSetieni.
Prehled pouzitych variant oSetfeni je uveden v tab. II.

V obdobi rané voskové zralosti asi pét az Sest tydni
po aplikaci cytokininu (kolem 10. aZ 15. 7.) byla sta-
novena aktivita enzymu glutamatkindzy ve fytomase
hornich praporcovych listi (ddle GK%) podle metodiky,
kterou uvadéji Taborsky, VaSakova (1994).
Aktivita byla stanovena spektrofotometricky pfi 540
nm a vyjadiena v hodnotéch ode¢tené absorbance A/ml
a prepoctena na 1 ml enzymového preparatu.

Obsah mokrého lepku byl méfen na pfistroji Gluto-
matic a hodnota padového ¢isla na pfistroji Falling
number firmy Perten standardni metodikou. Statistické
hodnoceni a grafické zpracovani vysledku bylo realizo-
vano s vyuZzitim programu Excel 5a.

Z udaju na obr. 1 je zfejmé, Ze pokusné roky se
vyrazné ligily prub&hem povétrnosti. Roky 1994 a 1995
byly vyrazné teplejsi, zvlasté v Cervenci a srpnu,
a v roce 1994 byly zaznamenany velmi nizké srazky.

VYSLEDKY A DISKUSE

V roce 1993 puisobila vyrazné zvySeni vynosu zrna
davka 40 kg N. Vyssi davka dusiku vSak jiz pasobila
sniZeni vynosu (tab. III). Cytokinin v tomto roce zvysil
vynos jen u nehnojené varianty. Soucasna aplikace du-
siku a cytokininu vynos neovlivnila.

L. Charakteristika pokusnych stanovist — Characteristics of experimental sites

Stanovisi! Pidni Pidni Pramérné roéni srazky® | Pramérni roéni teplota’ Nadmofski vyska®
lyp2 druh? (mm) °C) (mn. m.)

Suchdol hnédozem? hlina® 9,2 280

Uhfinéves hnédozem hlina 8.3 295

) : 3vi ? wign 3
site, great soil group, “luvisol, 4soil texture, *loam, ('averagc annual precipitation, 7nvernge annual temperature, Baltitude

V letech 1993 a 1994 byla jarni pSenice péstovana
po obilniné a v roce 1995 po cibuli. Pokusné parcelky,
rozloZené metodou latinského étverce, mély rozlohu
10 m? a byly &tyfikrat opakovany.

Dusik byl aplikovén podle povétrnostnich podminek
ve fazi metani aZ pocatek kveteni (13. 5. 1993, 17. 5.
1994 a 19. 5. 1995).

Aplikace cytokininu v davce 225.10°° g/ha byla
provedena po odkvétu porosti tak, Ze na 1 m? byl ap-
likovéan 1 | roztoku. Kontrolni varianty obdrzely stejné
mnozstvi vody bez pripravku. Aplikace probéhla 1. 6.
1993, 4. 6. 1994 a 7. 6. 1995.
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II. Prehled variant oSetfeni — Survey of treatments

Vel | Dot | e,
1 0 -
2 0 +
3 40 -
4 40 +
5 70 -
6 70 +

!treatment, 2nilmgen dose, "cytokinin application

ROSTLINNA VYROBA, 42, 1996 (7): 301-306



°c
25

201

151

101

Iv. v. VI. VII. VIII.

mm
120

100

80 1

60 1

40 1

201

0 T

Iv. V. VI. VII. VIII.

F-—wsa w1994 - 1995 —-—501e:¢|

1. SraZky a teploty b&hem vegetace v pokusnych letech — Precipitation and temperatures during growing season in experimental years

a — teploty — temperatures
b - srdZky - precipitation
osa x: mésice — x axis: months

I1I. Vynosové vysledky v roce 1993 — Yield results in 1993

IV. Vynosové vysledky v roce 1994 - Yield results in 1994

. | Vynos zrma? Potet zrn? HTS* . | Vynos zma’ Potet zrn® HTS*
Varianta Varianta
t/ha % ks % g % t/ha % ks % g %
1 4,8 100,0 | 31,6 100,0 | 46,8 100,0 | 4.8 100,0 | 42,2 100,0 | 52,6 100,0
2 49 102,1 | 32,9 104,1 | 474 103,0 2 D57 118,8 | 439 104,5 | 52,7 110,2
3 52 108,3 | 354 112,0 | 445 95.1 3 6,0 125,0 | 433 102,6 | 55,2 104,9
4 52 108,3 | 37,3 116,0 | 44,9 95,4 4 6,4 1333 | 488 1156 | 55.6 105,7
5 4.5 93.8 | 343 108,5 | 44,0 94,0 5 6.0 125,0 | 40,2 95,3 | 52,7 100,2
6 4,5 93,8 | 36,9 116,7 | 45,2 96,5 6 6,4 1333 | 37,3 88,4 | 548 104,1
X 4,6 - 34,7 - 45,4 - x 5.9 - 42,6 - 53,9 -
ﬁ 0,05 - 1,53 - 0,29 - Dm_i,, 0,42 - 0,92 - 0,54 -
!treatment, 2grain yield, 3gmin number, “TKW For 1-4 see Tab. III
V roce 1994 ob& davky zplsobily vyrazné zvySeni V. Vynosové vysledky v roce 1995 — Yield results in 1995
vynQ_su (tab. N). Cytokinin p\'xsgbil ve viech pfip:.adech | Vynos zma? Podet zm? HTS*
pozmvnf‘,, nq’vice V'K;ak u nchnolené' Ifontro.lni varianty. Varianta P % > % . =
Podobnych vysledki, pouze na vys§i drovni, bylo dosa-
Zeno i v roce 1995 (tab. V). Z vynosotvornych prvka byl ; G2 | 100G | a4 | 1000 | e | Td
vice ovlivnén podet zrn v klase neZ hmotnost zra (HTS). 2 84 | 1167 | 408 | 1121 | 498 | 1028
Délka stébla byla ovlivnéna jednoznacné roénikem. 3 89 | 1236 | 42,1 | 1156 | 493 | 1018
Nizsi byly rostliny v roce 1994 (tab. VI), kdy byl ne- 4 89 | 123,6 | 43,1 | 1184 | 514 | 1062
dostatek srazek. Zvyﬁeni délky stébla by]O umérné div- 5 79 109,7 | 38,6 106,0 | 49,7 102,7
kam dusiku. Cytokinin v podsta%é délku stébla neovlivnil. 6 78 | 1083 | 402 | 1104 | 485 | 1002
Pocet odnoZi byl vyrazné ovlivnén ro¢nikem. V roce =
1995 (tab. VII) rostliny vice odnoZovaly, coZ bylo d4no x B2 = 1400 il .. - -
pribshem povétrnosti i oSetfenim. Jednozna&né nejmé- Dmin__| 031 | - god| =~ 166 | -

né€ odnoZi pfi prvnim méfeni v obou letech bylo u ne-
hnojené varianty a hnojenim dusikem se jejich pocet
vyrazné zvySoval, zvlasté v roce 1995. Pfi druhém ter-
minu méfeni v Cervenci dochazelo obecné k redukci
poctu odnoZi. Nejvy3si redukce byla zjiSténa u nehno-
jené kontroly. Na omezeni redukce mél vyrazny vliv
kromé dusiku i cytokinin. Tomu odpovidaji i integrélni
hodnoty odnoZovaciho potencialu OP.

ROSTLINNA VYROBA, 42, 1996 (7): 301-306

For 1-4 see Tab. III

Sledovani suSiny jedné rostliny ukazuje na vyrazny
vliv hnojeni dusikem, zv14$té u variant 40 kg N a40 kg N
+ cytokinin, na narast fytomasy. NiZ8i nérast suSiny
v Cervenci pii ddvce 70 kg N a 70 kg N + cytokinin,
i pfi zvySeni délky rostlin, souvisi zfejmé s tvorbou
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VI. Vybrané produkéni jednotky v roce 1994 — Selected production units in 1994

Délka Pocet QdnoZovaci Sugina’ LAl
Varanta! stébla? odno#i? potencial* (g/rostlina®) (m/m)
15. 6. 15:7 15. 6. 15..7: 15..7: 15. 6. 15.7. 15. 6. 15.:7;
I 52,7 67.2 3.0 2,1 72,3 0,90 1,84 3,8 4,8
2 52,7 683 3,0 23 73,6 0,90 1,97 3,9 5.7
3 62,9 70,8 33 3,0 71 1,30 3,48 54 7.2
4 62,9 68,9 33 33 75,5 1,30 3,72 5,6 7.6
5 67,6 72,5 3.4 3.2 79,1 1,36 2,56 8,1 79
6 67.6 71.4 3.4 3.5 78,3 1,36 3,92 8,1 8,2
x 61,07 69,8 3,2 29 75.9 1,18 291 5.8 6.9
!treatment, stem length, number of tillers, dtillering potential, 5dry matter, ('glplanl
VII. Vybrané produkéni jednotky v roce 1995 — Selected production units in 1995
Délka Podet OdnoZovaci Sugina® LAI
Variantal stébla? odnozi* potencial* (g/rostlina®) (m/m)
30. 6. 19:. T 30. 6. 19. 7. 19:7, 30. 6. 19;.7: 30. 6. 19:7
1 56,7 66,7 2,7 2.5 173,5 1,42 1,58 6,5 5,7
2 58,7 69,4 2,7 257 176,5 1,43 1,85 6,5 6,7
3 67,2 72,1 53 43 277,6 1,76 2,28 11,5 11,1
4 67,2 734 53 4,7 283,6 1,76 2,56 11,5 11,5
5 77,9 83,6 4.6 4.2 244.8 1,57 1,94 10,5 10,7
6 77,9 85,9 4.6 4,6 240,8 1,57 1,98 10,5 11,8
x 67,9 75.2 42 3.8 322,8 1,59 2,03 9,5 9,6

For 1-6.see Tab. VI

VIIL. Aktivita (A) glutamitkinazy (GK) v obdobi rané voskové zra-
losti — Activity (A) of glutamate kinase (GK) in the stage of early
wax ripeness

o 1994 1995
A/ml % Afml %
1 0475 100,0 0.232 100,0
2 0,528 11,2 0.238 1025
3 0,650 136,8 0315 1358
4 0,978 206,0 0,452 194,8
5 0,632 1332 0,335 1444
6 0,496 104,6 0313 134,9

"treatment

vétSiho poctu sterilnich odnozi bez klasu. Na narust
fytomasy pusobila jednoznacné pozitivné i aplikace cy-
tokininu. Také pokryvnost listovi LAl vzristala po-
dobné, i kdyZ v jednotlivych letech odli§né vzhledem
k rozdilnému priabéhu povétrnosti.

Z udajt na obr. 2 a 3 je ziejmé, Ze v roce 1994 byl
obsah lepku pomérné vyrovnany, s poklesem u varian-
ty 5 a 6. V roce 1995 naopak doslo k vyraznému na-
rGstu u variant 2 aZ 6 proti kontrolni varianté. Cislo
padu (obr. 4 a 5) v roce 1994 bylo u variant 1 aZ 5 dost
podobné, vyrazny rozdil vykazovala az varianta 6.

304

V roce 1995 byly nejvyssi hodnoty u varianty 3 a 4
a u variant 5 a 6 byl zaznamenan pokles. Aktivita glu-
tamatkinazy (tab. VIII) byla nejvyssi v obou letech
1994 i 1995 u varianty 4. U ostatnich variant byly hod-
noty blizké, aplikace cytokininu a davky 40 kg N svéd-
¢i o pfiznivém vlivu na aktivitu tohoto enzymu.

V suchém roce 1994 se projevilo pomérné vyrazné
oSetfeni variant cytokininem. Je znamo, Ze cytokininy
pomdhaji prekonat stres Miller, 1980; Butenko,
Basanov, 1982; Lehman, 1990). Ackoliv vege-
ta¢ni obdobi roku 1994 lze v experimentilni Casové
fad€ let 1993 aZ 1995 hodnotit jako vldhové nejméné
pfiznivé z hlediska celkového mnoZstvi srizek za ve-
getaci i z hlediska jejich distribuce, projevily se pravé
v tomto roce rozdily mezi variantami oSetfeni. V roce
1995 se ziejmé vysoké primérné denni teploty vzduchu,
ale i nedostatek sraZek v obdobi napliiovani sinku, které
zpusobily pred€asné ukonceni vegetace, odrazily v poctu
zrn a ve snizeni HTS i u variant s vy$8i davkou dusiku.

Davka dusiku u variant 40 kg N a 40 kg N + cyto-
kinin zvys$ila aktivitu glutamatkinazy (tab. VIII). Nej-
vyssi efekt byl pozorovén u varianty 40 kg N a 40 kg
N + cytokinin. Tyto vysledky naznacuji souvislosti me-
zi aktivitou glutamatkinazy, padovym Cislem a obsa-
hem lepku. Potvrzuje se také vyrazny vliv povétrnosti
na utvéfeni jednotlivych produk&nich jednotek, a tim
i vynosotvornych prvkd, i na kvalitu produkce.
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2. Aktivita glutaméitkinizy (GK%) a obsah lepku

: (%) u sledovanych variant v roce 1994 — Glutamate
kinase activity (GK%) and gluten content (%) in
: investigated treatments in 1994
5y =0,0037x* - 1,226% + 4,827 - 5,92¢ + 32,63
10 R =0,9219 pro lepek
@ 5 y=325: - 49,1 + 2455 — 446,6x + 349
) o R*=0,847 pro aktivitu GK%
1 2 3 4 5 6
200 K% %lepkd s 3. Aktivita glutamétkindzy (GK%) a obsah lepku
180 32 (%) u sledovanych variant v roce 1995 — Glutamate
160 315 kinase activity (GK%) and gluten content (%) in
10 31 investigated treatments in 1995
120 205
100 K y = 0,127 - 1,642 + 6,57x + 24,1
L 25 2 = 0,99 pro lepek
© G y =3,23x" - 48,62 + 243,4x% - 445,9x + 349,0
o 25 R?=0,88 pro GK%
2 3
0 215
1 2 3 4 5 8
20 OK% Gislopddule) . 4. Aktivita glutamatkindzy (GK%) a &islo padu (s)
kol u sledovanych variant v roce 1994 - Glutamate
200 345 kinase activity (GK%) and falling number (s) in
3a investigated treatments in 1994
150 35
- i y= 35,36+ 28,347 - 42,95 + 1146
320 R® = 0,71 pro aktivitu GK%
0 35 y=267x" - 15386x + 347.4
s R?=0,8] pro &slo padu
o 205
1 2 3 4 s 6
200 i Cislopadu(e) . 5. Aktivita glutamétkinazy (GK%) a ¢islo padu (s)
180 s u sledovanych variant v roce 1995 — Glutamate
160 . kinase activity (GK%) and falling number (s) in
140 investigated treatments in 1995
120 315
100 30 y=323x" - 48,60 +24,3x% — 445,9x + 349.5
L x5  R*=0,88 pro GK%
2 w  VF 0,16x* = 2,3x* + 7.4x% + 4,2x + 295.6
- e R = 0,98 pro &islo pidu
o 20

osa X: varianta — X axis: treatment
0= aktivita gl itkindzy - gl
o Bms

kinase activity

Prezentované vysledky z teorie tvorby vynosu jarni
pSenice jsou v relaci s udaji z literatury (Trékov4,
Kaminek, 1990; Tomanova, 1993). Potvrzuje se,
Ze dusik ma vyznamnou roli ve vynosotvorném procesu
a Ze cytokinin muZe zefektivnit jeho vyuZiti, zejména
v méné piiznivych letech. Pfi vy§S§ich davkach dusiku
se v zévislosti na terminu aplikace a moZném vyuZiti

ROSTLINNA VYROBA, 42, 1996 (7): 301-306

obsah lepku, resp. &islo pddu — gluten content or falling number, resp.

dusiku rostlinami zaklada vice generativnich organd.
Z dosaZenych vysledka vyplyva, Ze prevod asimilati
a jejich ukladani v sinku souvisi spi§ s pfiznivym vli-
vem cytokininu na enzymatickou &innost rostliny, kte-
rou lze postfloralni aplikaci vyznamné& podpofit.

Price vznikla za podpory grantu GA 204/94/0641.
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PREDPOKLAD VYUZITI STOCHASTICKEHO MODELU
PRO HODNOCENI POROSTU
S NAHODILYM ROZDELENIM V RADKU

THE PREREQUISITE FOR THE USE OF STOCHASTIC MODEL
FOR EVALUATION OF THE STANDS WITH RANDOM DISTRIBUTION
IN ROW

L. Minx, M. Ry3avy, P. Slimar

Mendel University of Agriculture and Forestry, Brno, Czech Republic

ABSTRACT: The four stands of spring barley differed by stand density and quality of the seed applied (Tab. I), established
by sowing of universal sowing machine (random distribution in a row), the possibility of the use of stochastic model developed
for control of the number and distribution of plants in stands established by exact sowing into eligible distance in row. The
mathematic model tested distinguishes three groups of plants’ distances in row: fully utilizable and the other way round,
distances resulting in a drop in the yield due to excessive density (the so-called percentage of over-density — equation 2) or
insufficient completeness of the stand (the so-called percentage of porosity — equation 3). Comparable results (Tabs II to IV,
Fig. 1) can be attained when corrected emergence rate of the stand was determined, i.e. in this paper — the number of sowing
distances occupied by one or more plants. Average distance of sowing is found by the number of sown seeds (regardless of
their germinating ability). Determination of corrected emergence rate will make easy the use of elastic meter made of broad
elastic string with two rings on its ends to be fixed to the defined length of row; 100 divisions of identical length will be
distinguished on the meter. The number of plots occupied by plants will be found by extension of the meter on different sites
of the stand to hundredfold of average distance of sowing rate per row. Average of these values will indicate corrected
emergence rate of stand. The results found sufficiently confirm the possibility of exploitation of stochastic model even in the
stands with random distribution of plants in row.

stochastic model of stand; exact sowing; random distribution; emergence of stand; correction of emergence rate

ABSTRAKT: U &tyf porosti jarniho je¢mene, liicich se hustotou vysevu a kvalitou pouZitého osiva, zasetych univerzalnim
secim strojem (nahodilé rozmisténi v fddku), byla ov&fovana platnost stochastického modelu, vyvinutého pro sponové plodiny.
Srovnatelné vysledky byly dosaZeny za pfedpokladu uplatnéni tzv. korigované vzeSlosti porostu, jiZ se rozumi podet rostlinami
obsazenych vzdélenosti vysevu v fidku, nikoliv podil vzeslych rostlin z po&tu vysetych semen. Stanoveni korigované vzes-
losti usnadni poufZiti elastického méfitka. Zjidt€né vysledky roziifuji platnost zkou¥eného stochastického modelu rozmist&ni
rostlin v porostu.

stochasticky model porostu; pfesny vysev; nahodilé rozmist&ni; vze$lost porostu; korekce vzeslosti

UvoD pravidelné rozdéleni (fddkovy vysev s nahodilym roz-

misténim v fadku), 3. nahodilé rozdé&leni (vysev nasi-

Zakladem produkéniho procesu rostlin je fotosynté-
za. Je procesem konzervativnim, takZe fotosynteticky
vykon porostu je ovliviiovan hlavné regulaci zelené
plochy na jednotce plochy piidy (Foltyn, 1985). Ra-
da autoru prokazala, Ze pokryvnost listovi 1ze nejsnaze
a nejuicinnéji ovlivnit organizaci porostu, tj. poftem
a rozmisténim rostlin v porostu. Podle plo$ného roz-
misténi rozdéluje Ross (1975) plodiny do &tyf sku-
pin: 1. pravidelné rozdéleni (jako priklad moZno uvést
vysev na stavitelnou vzdélenost v fadku), 2. &astedné
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roko) a 4. skupinové rozdéleni (nepravidelné rozdéleni
ve skupinéch). Pravidelnost rozmisténi rostlin v poros-
tech zakladanych pfesnymi secimi stroji je zévisla na
dostatecné vzeslosti porostu. Sponové plodiny péstova-
né vysevem na kone&nou vzdalenost, u nichZ byva po-
zorovan vétSi rozdil mezi kli€ivosti a vzchazivosti osi-
va, pak tvofi (Ross, 1975) pfechod od pravidelného
k &astetné pravidelnému rozmist&ni rostlin. Byl zpra-
covan matematicky model, ktery tyto vztahy kvantifi-
kuje Minx, 1988; Minx, Cambalova, 1993).
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MATERIAL A METODA

V Ustavu péstovani a §lechténi rostlin MZLU v Br-
né byl vytvofen model organizace porosti zaklddanych
pfesnym vysevem na stavitelnou vzdalenost v fadku.
Pfedmétem tohoto metodického prispévku je hodno-
ceni moznosti a podminek uplatnéni zakladli tohoto
stochastického modelu v porostech zakladanych vyse-
vem univerzalnimi secimi stroji, tj. v porostech,
u nichZ rozmist&ni semen a po vzejiti rostlin v fadku je
nahodilé.

Podklady pro feSeni byly ziskany z polniho pokusu
zaloZeného v roce 1994 na pozemku v katastru obce
Rousinov (rendzina na piskovci s vapenatym tmelem,
orni¢ni horizont 30 cm bez skeletu). Pro vytvofeni Sir-
§iho spektra podkladi bylo pouZito osivo o rozdilné
kli¢ivosti a hustoté seti. Kli¢ivost byla upravena pfimi-
chanim nekli¢ivého osiva. K vysevu byl pouZit jarni
je¢men (lep$i viditelnost obilek).

U kazdé ze Ctyf zvolenych variant (tab. I) byla vy-
seta parcela o délce 20 m. Na poloviné parcely bylo
osivo uloZeno na povrch pidy za tcelem zjistit pocCet
vysetych zrn, na zbytku parcely pak do hloubky 3 cm,
aby po vzejiti mohlo byt hodnoceno rozmisténi rostlin.
Dany postup s velkou pravdépodobnosti (bliZici se jed-
né) umoziioval, aby pocet obilek vysetych na povrch
pady byl shodny s jejich potem vysetym do pudy.
K seti byl pouZit seci stroj se lZickovym vysevnim
sevu).

Hodnoceny byly tseky fadku o délce 8 m (pfi roz-
te¢i fadka 0,125 m je to 1 mz). Po vysevu byly spoci-
tany obilky vyseté na povrch ptudy za icelem stanoveni
pramé&rné vzdalenosti vysevu v fadku a vze§losti poros-
tu. Po 20 dnech byl zji§tén pocet rostlin a zaznamenano
jejich rozmisténi v fadku (vzdalenost od zacatku hod-
noceného tseku) pro vyé&isleni vzdalenosti mezi rostli-
nami, coZ jsou nezbytné podklady pro stanoveni pro-
centa piehusténi a procenta mezerovitosti porostu jako
srovndvanych modelovych parametri.

Zakladem hodnoceného modelu je roztfidéni vzda-
lenosti rostlin v fadku do tfi skupin (Minx, 1988).
Pravdépodobnost vyskytu délek vzdalenosti rostlin
v fadku (V,,;) se vypo€itd pomoci vzorce

V,,d=R(1—0.Ol.R)"'l (1)

kde: R - vzeSlost porostu v % (podil vysevnich mist danych
sponem vysevu, obsazenych jednou nebo vice rostlinami)
nd - pocet vzdilenosti vysevu v fadku

Rozhodujici skupinu tvoii rozsah vzdélenosti plné
vyuzitelnych (Wi aZ wipai), jeZ nevedou k vyznamné-
mu poklesu vynosu. Jejich podil na délce fadku ma byt
co nejvetsi.

Vzdalenosti men$i neZ w;, zplisobuji pokles vyno-
su vlivem prehusténi. Soucet jejich délek, méfeno v ose
fadku, procentné vycisleny z hodnocené délky radku,
je oznaCovan procentem pichusténi porostu (Hp), jeZ se
vypocitd pomoci rovnice
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Hy=H, ,+001l .h. R? (1-0,01. Ry @

Wmin

kde: h — celé ¢islo podilu

Pro vypodet procenta prehusténi pisobeného pouze
vzdalenosti vysevu (tzn. wy;, je mensi neZ dvojniso-
bek primérné vzdalenosti vysevu v fadku) lze pouZit
zjednoduSenou rovnici Hy = 0,01 . RZ. Je-li piisobeno
vicenasobky vysevni vzdalenosti, je nutné provést po-
stupny vypocet podle vzorce (2).

Vzdéalenosti vE&t§i neZ wy,., tj. vetsi neZ nejdelsi
plné vyuZitelné, zptisobuji mezerovitost porostu. Pro-
cento mezerovitosti porostu (M) vyjadiuje podil sumér-
ni délky mezer na délce fadku. Za mezeru je pak pova-
Zovan kladny zbytek vzdalenosti dvou sousednich
rostlin po odpo¢tu maximélni délky vyuZitelné vzdale-
nosti rostlinami v fadku. K vypoctu se pouZije rovnice

M=(1-001.RF(100-z.R) 3)

kde: ¢ - celé Cislo
z — zbyvajici &ast podilu (tj. za desetinnou ¢arkou, jak plyne ze

max

vztahu ¢ + z =

Stanoveni procenta piehu$téni a procenta mezerovi-
tosti méfenim v porostu je realizovatelné u vSech fad-
kovych kultur. MozZnost vypoctu téchto parametri po-
moci rovnice (2) a (3) na srovnatelné drovni s ddaji
ziskanymi méfenim v porostu vSak byla zatim prokaza-
na pouze u sponovych plodin.

VYSLEDKY A DISKUSE

Pro pfipadné roz§ifeni platnosti modelu charak-
terizujiciho rozmisténi rostlin sponovych plodin v fad-
ku i na porosty zaklddané vysevem univerzalnimi seci-
mi stroji bylo tfeba vymezit zakladni proménné, jimiZ
jsou prumérna vzdalenost vysevu v fadku a vze§lost
porostu. Vzdalenost vysevu v fadku byla uréena z dél-
ky fadku a pocCtu vysetych zrn. VzeSlost porostu pak
byla stanovena jako podil poCtu rostlin z poltu vyse-
tych zrn. Zjidténé hodnoty jsou uvedeny v tab. I (druhy
a tfeti sloupec).

Predné byla ovéfovdna pouZitelnost vzorce (1), ne-
bot nepodléha-li rozmisténi rostlin v fadku u téchto
plodin stejné zakonitosti jako u plodin sponovych, nelze
uvazovat o vyuZiti rovnic (2) a (3) pro vypocet prehus-
téni a mezerovitosti. Srovnéani vypocitanych se skutec-
né naméfenymi hodnotami v porostu nevedlo k pozi-
tivnimu zdvéru. V dasledku toho i ddaje o pichusténi
a mezerovitosti se znaéné liSily.

V dal$im vyzkumu této problematiky byly vyuZity
zkuSenosti ziskané pfi hodnoceni porosti cukrovky za-
kladanych obruSovanym vicekliCkovym osivem vyse-
vem pifesnymi feposecimi stroji na 4 cm v fadku
(Minx, 1988 aj.). Vzdalenosti rostlin v fadku byly
roztiidény do skupin podle ndsobku vzdalenosti vysevu
(s rozptylem do #0,5 vzdilenosti vysevu v fadku).
Vzdilenosti rostlin do poloviny prumérné vzdalenosti
vysevu v fadku byly povazovény za shluky rostlin (po-
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1. Prim&maé vzdélenost vysevu v fadku a vzelost porostu — Average distance of sowing in row and emergence rate of stand

Varianta! | Priméma vzdlenost vysevu v fadku? VzeSlost porostu® (%)
(mm) podle poétu rostlin* podle podtu obsazenych vysevnich vzdilenosti’
1 219 52,5 40,7
2 339 924 64,8
3 29,1 57,1 45,8
4 49,4 100,0 64,0
! 2uveruge di of sowing in row, 3 emergence rate of stand, 4according to number of plants, snccording to number of occupied

sowing distances

dobné jako tzv. dvojéky u fepy, at pravé pochazejici
z jednoho klubitka, nebo nepravé vlivem nepfesnosti
ve vysevu). Pro stanoveni vzeSlosti porostu pak tako-
vyto shluk dvou nebo vice rostlin byl povaZovéan za
jednu rostlinu. Pomoci takto korigovaného potu rost-

%
45,00
40,00
30,00 +
25,00 +
15,00 +
10,00 +
5,00 -
0,00

Vi V2 Vs v Vs Ve V7 v
%
70,00
60,00 -
50,00 1
40,00 -
30,00
20,00 -

10,00 1

0,00

lin byla stanovena vze§lost porostu (tab. I, &tvrty slou-
pec) a podle ni vypoéitina pravdépodobnost vyskytu
vzdalenosti rostlin v fadku. V tab. II jsou uvedeny tak-
to vypocitané hodnoty pro variantu 1. Z ddaja tab. II
a grafu (obr. 1) je zfejmé, Ze po uvedené korekci do-

Vi V2 V3 V4 V5 V6 V7

%
70,00

60,00
50,00 1
40,00
30,00
20,00

10,00 1

0,00 s + —+
vi V2 V3 V4 V5§

L. Procentudlni rozd&leni vzdélenosti rostlin u variant 1 aZ 4 - Per cent distribution of distances of plants in treatments | to 4

varianta — treatment

—a— skute&né — actual

—@— teoretické — theoretical

osa x: stfedy intervalll — x axis: means of intervals
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II. Distribuce vzdélenosti rostlin v Fadku (varianta 1) — Distribution of distances of plants per row (treatment 1)

Intervaly' Pivodni Obsazené vzdilenosti vysevu? Teoreticky vyskyt* Rozdil®
(mm) vyskyt? (%) (%) (%)
0-10,9 43 (shluky rostlin”) -
11,0-32,9 64 42,95 40,71 2,24
33,0-54,5 40 26,84 24,14 2,70
54,6-76,3 19 12,75 14,31 -1,56
76,4-98,1 6 4,03 8,48 -445
98,2-119,9 7 4,69 5,03 -0,34
120,0-141,7 6 4,03 2,98 1,05
141,8-163,5 4 2,68 1,77 091
163,6-185,3 1 0,67 1,05 -0,38
185,4-207,1 0 0,00 0,62 -0,62
207,2-228,9 1 0,67 0,37 0,30
229,0-250,7 1 0,67 0,22 0,45
Celkem’ 192 99,98 99,68 0,30

lintervals, zorigin:xl occurrence, >

I1I. Procento mezerovitosti porostu — Percentage of stand porosity

occupied distances of sowing, 4theoretical occurrence, *difference, total, “clusters of plants

Pasobené Castmi sz g a5
Varianta' vzdalenosti prevySujicimi? Tem;e;;:ke SR‘?;:SM R?;ad)ll
(mm) ’
| - 407 % 60 24,6 21,5 =3,1
(korigovana vzeSlost 80 15,3 13,8 -1,5
porostu®)
100 9,5 8.1 -1.4
60 17,6 16,7 -0,9
2-648 % 80 9,5 8,8 -0,7
100 4,8 4,5 -0,3
60 28,5 29,8 1,3
3-458 % 80 19,3 19,8 0,5
100 12,7 12,4 -0,3
60 KIN 273 -3,8
4 -64,0 % 80 21,7 17,9 -3,8
100 12,8 11,2 -1,6
'treatment, *caused by parts of distances exceeding, 3theoretical, “actual, *difference, ®corrected emergence rate of stand

chézi k velmi znaéné shodé€ mezi vypocitanymi udaji
a hodnotami namé&fenymi v porostu.

Pomoci korigované vzeslosti pak byla propogitina
mezerovitost porostu nad 60, 80 a 100 mm a déle prehus-
té€ni porostu pisobené vzdalenosti vysevu a jejim dvoj-
a trojnasobkem. Podle t&chto rozsahi byly zatfidény
v porostu naméfené vzdalenosti rostlin. Vysledky obou
globélnich parametru (procenta mezerovitosti a procen-
ta pfehusténi porostu) jsou uvedeny v tab. IIl a IV.

PrestoZe hodnocené soubory byly svym rozsahem
pomé&rné omezené, rozdily skute¢nych od teoretickych
hodnot jsou zejména u mezerovitosti porostu znainé
malé. Svéd¢i to o rozSiteni platnosti modelu i na poros-
ty zaklddané vysevem s nahodilym rozdélenim v fad-
ku. Jako dal§i dukaz platnosti poslouZi i distribuce
vzdalenosti rostlin dvojic variant 1 a 3 (rozdil ve vzes-
losti 5 %) a zejména u variant 2 a 4 (rozdil 1 %), je-
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jichZ prubéh je ne nahodou velmi podobny (varianty
1 a 3) anebo téméf shodny (varianty 2 a 4).

Pro vyuZiti modelu organizace porostii sponovych
plodin v porostech zakladanych univerzdlnimi secimi
stroji je tfeba zjistit dva zédkladni ddaje: primérnou
vzdalenost vysevu v faddku a korigovanou vzeslost po-
rostu. Vzdalenost vysevu v fadku se zjisti z poctu vy-
setych semen na uréitou délku fadku. Stanoveni kori-
gované vzeSlosti porostu usnadni poufZiti elastického
méfitka (zhotovi se ze Siroké pradlové gumy opatfené
na koncich krouZky pro fixaci na potfebnou délku fad-
ku, na niZ se vyznadi sto stejn& dlouhych policek). Na
raznych mistech porostu se pak po nataZeni na sto-
nasobek pramérné vzdalenosti vysevu v fadku zjisti
pocet poliéek obsazenych rostlinami. Primér zjiSténych
hodnot udava korigovanou vzeslost porostu (Minx,
1988).
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IV. Procento piehusténi porostu — Percentage of over-density of stand

Varianta! Pl‘!dso;)ené .vzdﬂ.lenostmi Teoretické? Skute&né? Rozdil*
o*. 1,5; 2,5; 3,5:d (%) (%) (%)
1-407 % <33 16,6 19,4 2.8
(korigovani vzeSlost <55 36,2 41,8 56
) <77 537 56,1 24
<51 42,0 47,2 52
2-648 % <85 71,6 73,5 1,9
<119 87,2 86,2 -1,0
<43 21,0 24,0 3.0
3-458% <73 43,7 423 -1,4
< 102 62,2 57,6 -4.6
<74 41,0 48,4 7.4
4-64,0% <123 70,5 72,3 1.8
<173 86,4 90,9 4.5

d = primérna vzdilenost vysevu v t4dku’ (mm)

For 1, 36 see Tab. III, *caused by distances up to, 7nvernge distance of sowing in row

Rozsifeni platnosti modelu i na porosty zakladané
vysevem univerzalnimi secimi stroji otevird moZnost
feSeni nékterych dalSich otazek jako napr. dalsi zpisob
hodnoceni rovnomérnosti vysevu (vySe procenta meze-
rovitosti a piehus$téni podle rozmisténi semen) a du-
sledkd nerovnomérnosti projevujicich se na vysi vyno-
su, vymezeni rozsahu plné vyuZitelnych vzdilenosti
rostlinami v fadku pro dalsi kvantifikaci produk&nich
pfedpokladi né&kterych péstovanych druhit (Minx,
1988 aj.), dspora osiva omezenim zaji§tovaciho podilu
vysevku (Foltyn, 1975), rozhodovani o pfipadnych
zaoravkdch oziml nejen podle poltu pfezimovanych
rostlin, ale i podle rovnomérnosti jejich rozmisténi na
plose (Foltyn, 1985) apod. Vysledky popsaného vy-
zkumu jednoznaéné napovidaji, Ze bude Zadouci tuto
problematiku dale vyzkumné feSit.
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Upozornéni pro autory védeckych ¢asopist

Z divodu rychlej$iho a kvalitn&jiho zpracovani grafickych pfiloh (grafi, schémat apod.) pfispévki
zasilanych do redakce Vias Zadame o jejich dodani kromé ti§té€né formy i na disketach.

Tyka se to samoziejmé téch grafickych pfiloh, které byly vytvofeny v n&jakém programu PC (napf.
CorelCHART, Quatro Pro, Lotus 1-2-3, MS Excel). Vzhledem k tomu, Ze nejsme schopni upravit
a pouZit pro tisk viechny typy (forméty) grafickych souborti, Zdddme Vs, abyste ndm také kromé
origindlnich souborti (napf. z MS Excel typ *.XLS) zasilali grafické pfedlohy vyexportované jako
bodovou grafiku v jednom z téchto formatu:

Bitmap * BMP
Encapsulated Postscript * EPS
Graphic Interchange Format * GIF
Mac paint *MAC
MS Paint * MSP
Adobe Photoshop *PSD
Scitex *SCT
“Targa *TGA
Tag Image File Format *TIF

Redakce casopisu




THE APPLICATION OF DUMAS METHOD
FOR DETERMINATION OF CARBON, NITROGEN,
AND SULPHUR IN PLANT SAMPLES

STANOVENIE UHLIKA, DUSIKA A SIRY
V RASTLINNYCH VZORKACH DUMASOVOU METODOU

I. Matejovié¢

Research Institute of Plant Production, Pie§tany, Slovak Republic

ABSTRACT: Application of dry combustion (Dumas method) based analyzer CNS 2000 in determination of carbon, sulphur,
and nitrogen in homogenized plants, small intact seeds and divided cereal grains is described. Accuracy, precision, and
repeatability were tested, except of check samples and reference materials also in international laboratory proficiency test.
Results have shown reliability of Dumas principle-based analyzer in plant analysis.

Dumas method; carbon; sulphur; nitrogen; plant analysis

ABSTRAKT: V prici popisujeme vyuZitie analyzatora CNS 2000, ktory pracuje na principe suchého spalovania (Dumasovej
met6de), na stanovenie uhlika, siry a dusika v homogenizovanych rastlinnych vzorkich (p3enica, jadmeii, s6ja a So¥ovica),
v malych intaktnych semenich (amarantus, repka olejka a ladenec roZkaty) a v individudlnych alebo polenych ceredlnych
zrnéch (pre 3lachtitel'ské u&ely, fyziologické a cytologické experimenty). Presnost, spravnost a opakovatelnost stanovenia sme
okrem kontrolnych vzoriek a referenénych vzoriek testovali s pozitivnym vysledkom v medzinirodnom analytickom teste
International Plant-Analytical Exchange (IPE), ktory organizuje PoInohospodarska univerzita vo Wageningene. Opakovatel-
nost v zévislosti od plodiny, resp. obsahu analytu sa pohybovala v pripade uhlika od 0,92 do 2,55, siry od 2,79 do 11,05
a dusika od 1,15 do 2,37 %. Presnost stanovenia v polenych zrnich bola: uhlik + 1,3, sira + 11,7 a dusik + 6,6 %. Vyhody
automatizovanej Dumasovej metody spo&ivaji najmé v dobrej zhode s vysledkami ziskanymi Kjeldahlovou metédou, vo vysokej
presnosti a spravnosti vysledkov, v minimélnej iprave vzorky (prakticky len homogenizicia a v pripade drobnych semien moZnost
priamej analyzy), v moZnosti analyzy individudlnych alebo polenych zin a stanovenia dalsich vyznamnych prvkov (najmi siry
a uhlika), vo vysokej priepustnosti vzoriek (analyza trvd okolo 4 min) a v moZnosti tiplnej automatizicie analytického procesu.

Vyliéenie mineralizicie v pritomnosti kyseliny a faZkého kovu eliminuje dopad na Zivotné a pracovné prostredie.

Dumasova metéda; uhlik; sira; dusik; analyza rastlin

INTRODUCTION

In recent papers applications of Dumas method
based analyzers in plant Jimenez, Ladha, 1993;
Duan, Clercq, 1994; Simmonne et al, 1994;
Matejovié&, 1995), food (Bellomonte et al.,
1987), and soil (Yeomans, Bremner, 1991;
Soon, Abboud, 1991; Jimenez, Ladha,
1993; Matejovic&, 1993) analyses have been de-
scribed. In 1991 the Association of Official Analytical
Chemists International (AOAC Int.) has accepted Du-
mas method as a recommended method for analysis of
nitrogen (crude protein) in animal feed (Method
990.03) (Anonym, 1990). Later in 1995, the Associa-
tion recommends the above-mentioned method also for
analysis of nitrogen in fertilizers (Method 993.13), ce-
real grains and oilseeds (Method 992.23) but also for
meat and meat products (Method 992.15) (Cunniff,
1995). Available apparatus, partly or fully automated,
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allow in general, except of nitrogen, also simultaneous
determination of carbon, hydrogen, oxygen or sulphur.
Their principles are more or less similar and differences
are given by technical solution, user-comfort and de-
gree of automation. One of the most important differ-
ence consists in the amount of sample required for
analysis. This parameter may significantly reduce ap-
plications in various areas. For example, when check-
ing purity of organic compounds or pharmaceuticals
the sample amount of several few milligrams is suffi-
cient but not suitable for the analysis of feed, food,
plants and soil. For these materials it is not so easy to
provide homogeneity of sample. In this case the macro-
-analyzers allowing sample up to several grams are
more suitable.

In this paper first experience with application of
automated Dumas method (CNS 2000 Analyzer) in
analysis of homogenised plant samples, small intact
seeds and divided cereal grains are described. Accuracy
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of method was tested in international laboratory profi-
ciency test.

MATERIAL AND METHODS

For analyses the CNS 2000 analyzer (LECO, Corp.
St. Joseph, MI, USA) was used. The CNS 2000 ana-
lyzer is based on combustion of weighted sample (up
to 4 g) in the stream of pure oxygen at the temperature
up to 1 350 °C. Carbon dioxide, water steam, nitrogen
oxides, elemental nitrogen and sulphur oxides are po-
tential combustion gaseous products. Passing through
the columns filled with anhydrone (magnesium per-
chlorate) removes water steam. Then the gas is trans-
ported by vacuum pump into a ballast tank, where
gaseous mixture is homogenized. Thoroughly homoge-
nized mixture is passing through two infrared detectors,
where the contents of carbon dioxide and sulphur diox-
ide are measured. Then an aliquot part is taken into the
stream of pure helium and led into the reduction zone
composed of the elemental copper heated at 700 °C. In
this zone nitrogen oxides are reduced into the elemental
nitrogen. Column filled with anhydrone and granulated
sodium hydroxide removes the rest of water steam and
carbon dioxide, respectively. Content of elemental ni-
trogen is measured by thermal-conductivity detector.

Grains of wheat, barley, and soybeans were ho-
mogenized for particle size lower than 0.05 x 0.05 mm.
Prior to the analysis, plant samples were dried 24 h at
the temperature of 80 °C. Approximately 200 mg of
plant material was used for analysis.

Statistical analyses (linear regression and f-test)
were performed with Statgraphics Plus Version 6
(Manugistics, Inc., Rockville, MD, USA).

RESULTS AND DISCUSSION

Our laboratory participates in international profi-
ciency tests International Plant-Analytical Exchange
(IPE) organized by Wageningen Agricultural Univer-
sity (Wageningen, the Netherlands) (Houba et al,,
1991). More than 250 laboratories through the world
participate in these tests. Participating laboratories re-
ceive six times six samples per year, analyse them and
send results for statistical processing to Wageningen.
Results are published in periodical bulletins. In these
tests we have checked precision and accuracy of our
analyzer and evaluated agreement between the total and
Kjeldahl nitrogen (M atejovic, 1995).

Calibration for nitrogen was performed with sam-
ples acquired from IPE. We have assumed that the me-
dians of total nitrogen determination from IPE 1993 to
1994 are true values. Calibration obtained by this
method provides accurate results in the range of natural
abundance of nitrogen in plant (from 0.5 up to 7%
nitrogen in dry matter). Another significant property of
such calibration, owing to big heterogeneity of calibra-
tion samples used (various plant species and anatomical
parts), is the minimizing of matrix effect. Fig. 1 shows
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the relationship between IPE nitrogen results and val-
ues obtained by CNS 2000. The good effect of calibra-
tion can be clearly seen. Other elements — carbon and
sulphur — were calibrated with sulfamethazine (LECO,
Corp.). For drift correction of calibrations curve and
checking of analyzer run we used internal check sam-
ples prepared from the materials, which are most fre-
quently analysed in our laboratory. Check samples
were analysed daily and were chosen according to the
nature of analysed samples. Results of checking analy-
ses have been stored and occasionally statistically ana-
lysed. Tab. I shows repeatability of determinations of
individual elements in check samples given for the pe-
riod of several months. Results of recalibrations (recal-
culated parameters of calibration curves) are stored and
statistically processed (Tab. II). Good stability of
slopes of calibrations curves for carbon (repeatability
about 2.2%) and nitrogen (about 2.1%) is evident, a little
poorer for sulphur (about 6.4%) during six months’
period. In the case of sulphur we should take into ac-
count at least one order lower content than nitrogen in
plant material.

Test of accuracy of nitrogen determination was per-
formed with calibration samples (orchard leaves —
LECO, Corp.) and certified reference materials ob-

CNS 2000 Nitrogen Resulls [% D.M.]

o 2 4 6 8
IPE Nitrogen Results [% D.M.]

1. Relationship between IPE nitrogen results and values obtained by
CNS 2000 (calibration set of samples)

2100 t
23 L Y=A+B.X
g A=0
2300 |rdee B = 1.0176
L r = 0.9998
L =24
- [ ]
i 1900
g 1500
§ 1100
700
700 1100 1500 1900 * 2300 o

IPE Nitrogen Results [mmol/kg D.M.)

2. Relationship between IPE nitrogen results and values obtained in
first four set of samples in IPE 1995
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—

. Repeatability of carbon-, sulphur-, and nitrogen-determinations (results expressed as per cent of dry matter)

Wheat Barley Soybean Lens

Parameter

° C S N e S N C S N C S N
Number of analyses | 73 73 73 24 24 24 23 23 23 23 23 23
Average 44.04 0323 2.461| 43.76 0257 1.762| 50.84 0.573| 6.590| 44.98 0.449| 4.858
Median 44.20 0323 2462 44.10 0.248( 1.778| 51.08 0.567| 6.590| 45.09 0.449| 4.853
S. D. 0.89 0.026| 0.044( 1.12 0.028( 0.042| 0.75 0.033| 0.109| 041 [ 0012 0.056
R. S. D. 2.04 8.12 1.80 2.55 | 11.05 2.37 1.48 5.77 1.66 0.92 2.79 1.15

I1. Parameters of calibration curves y = A + Bx after drift corrections
during six months period

T11. Results of analyses of calibration samples and certified reference
materials (results expressed as per cent of dry matter)

tained from the Bureau Community of Reference of
European Community (Tab. III). Agreement between
declared and obtained nitrogen results was good.

Results of nitrogen determination in IPE in four cy-
cles in 1995 are shown in Fig. 2 and confirm a good
agreement with the results obtained in our laboratory.
Reproducibility determined on reference sample, which
was sent in each set of samples, was 1.2%.

IV. Results of analyses of intact and homogenised seeds of amaranth,
matter)

Element Material Declared N Determined N*

Parameter
C S N Orchard leaves 2.27 £0.05 2.246 * 0.024

Number of drift corrections 52 52 52 Orchard leaves 2.55 £ 0.05 2.566 * 0.006
A -0.176 -0.002 | -12.054 Beech leaves CRM 100 2.625 £ 0.025 | 2.652 + 0.009
S. D. 0.067 0.005 3.163 Spruce needles CRM 101 1.889 £ 0.018 1.898 + 0.007
R. S. D. 383 248.9 26.2 Hay powder CRM 129 3.72 £ 0.05 3.590 + 0.011
B - e . * Mean value of five determinations * standard deviation are given
5.5 0.016 0.059 0.014
R. S. D. 22 6.4 21

Possibility to analyse plant species having small
seeds without homogenization was tested with samples
of amaranth, rape seed, and birdsfoot trefoil (Tab. IV).
There were no significant differences between homoge-
nized and intact samples in determined content of ele-
ments mentioned.

Interesting analytical problem was the requirement
of breeders for determinations of nitrogen in individual
or divided grains of cereals, respectively. Such severe
requirements have rational basis in the case of analysis

rape seed, and birdsfoot trefoil (results expressed as per cent of dry

Amaranth Rape Seed Birdsfoot trefoil
Parameter
C S N C S N C S N
intact seeds
Number of analyses 9 9 9 7 7 a 9 9 9
Average 45.64 0.479 3.442 58.22 0.762 2.783 46.86 0.539 6.150
S. D. 0.18 0.009 0.019 0.57 0.029 0.044 0.17 0.009 0.017
R. S. D. 0.40 1.88 0.55 0.98 3.82 1.57 0.37 1.71 0.28
homogenized seeds
Number of analyses 9 9 9 7 7 T 9 9 9
Average 45.09 0.487 3.443 57.67 0.798 2.748 46.41 0.568 6.091
S. D. 0.24 0.020 0.102 0.35 0.013 0.053 0.18 0.025 0.096
R. S. D. 0.53 4.07 2.97 0.61 1.67 1.91 0.39 4.43 1.57
Sample weight approximately 200 mg
V. Results of analyses of half grains of winter wheat cv. Livia (results expressed as per cent of dry matter, weight in mg)
Paradiss Embryonic part Non-embryonic part
weight C S N weight C S N
Number of analyses 9 9 9 9 9 9 9 9
Average 0.0281 39.88 0.123 1.943 0.0211 39.26 0.122 1.872
S. D. 0.0050 0.37 0.011 0.114 0.0030 0.50 0.014 0.123
R. S. D. 17.65 0.93 9.21 5.89 14.37 1.27 11.73 6.56
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of rare samples (for example from collecting missions),
biological materials in first phases of breeding, or from
special physiological (cytological) experiments, where
a given physiological characteristic is investigated in
relation to the elemental composition of the same grain.
The common property of such experiments is impossi-
bility of homogenization and replication of analysis.
Thus we have assumed that the precision of analysis
may be assessed on the model basis. In this experiment
we used divided grains of winter wheat (Triticum aes-
tivum L. cv. Livia). We have distinguished between
analysis of embryonic and non-embryonic parts of
grains. Results of analysis of divided grains obtained
with CNS 2000 analyzer are given in Tab. V. Interpre-
tation of results should take into account the fact that
also biological variability of cereal grains is added to
the total variability. For example, the variability of
mass of divided grains was * 20%. Furthermore, it is
well known that composition of grains differs in radial
and axial directions in spike. Despite of the above-men-
tioned, the standard deviation of determinations seems
to be acceptable. No statistical differences were found
in sulphur- and nitrogen-content for both parts of
grains. Slight but significant difference (o = 99%) was
found in carbon content in favour of embryonic part of
grains.

CONCLUSIONS

Results have confirmed suitability of Dumas method
based analyzer CNS 2000 in plant analysis for carbon,
sulphur, and nitrogen. Precision and accuracy of nitro-
gen determination were tested with certified reference
material CRM 100 (beech leaves), CRM 101 (spruce
needles), and CRM 129 (hay powder) as well as in
international laboratory proficiency test. There is a also
real possibility to determine given elements in plant
species having small seeds like amaranth, rape seed and
birdsfoot trefoil without homogenization. For special
breeding or physiological purposes the possibility to
analyze divided cereal grains with satisfactory preci-
sion may be of importance.

Current practice shows that the analyzers for deter-
mination of nitrogen based on Dumas principle are very
prospective in agriculture and food industry. Accep-
tance of the method for nitrogen determination in food
and feed by the Association of Official Analytical
Chemists International is the best evidence. Method is
also approved by the American Association of Cereal
Chemists (AACC) and the American Association of Oil
Chemists (AAOC).

The advantages of automated Dumas method (dry
combustion method) are as follows: results are in

a good agreement with Kjeldahl method, macrosam-
ples (up to 4 g) provide high precision also for relative
non-homogenous materials, minimal sample pre-treat-
ment (only homogenization), possibility to determine
also another important elements (carbon, sulphur, etc.),
high sample throughput and avoiding of mineralization
in presence of acid and heavy metal minimizes impact
on environment.
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THE EVALUATION OF PROGENIES

FROM HOP CROSSBREEDINGS

(HUMULUS LUPULUS L.) WITH THE PREFERENCE
OF BIOCHEMICAL CHARACTERISTICS

HODNOCENI POTOMSTEV KRIZENI CHMELE (H UMULUS LUPULUS L)
S PREFERENCI BIOCHEMICKYCH CHARAKTERISTIK

V. Fric, A. Rigr, F. Beranek, K. Krofta, F. Kroupa

Hop Research Institute, Ltd., Zatec, Czech Republic

ABSTRACT: The gene pool of new bred hybrids includes 6 500 to 7 000 individuals in station trials. Each year 50% of this
gene pool is altered by progenies from approximately 30 various new crossbreedings. The best seedlings are transferred to
the nursery plot of mother strains (HSKM), which had 674 various genotypes in the year 1995. Considerable shift in demands
to new hop varieties brought out the need for re-evaluation of the current gene pool. Chromatography analyses of hop bitter
acids and hop essential oils have enabled to determine some biochemical characteristics of new cultivars. In 1995 these
analyses were performed with 104 hybrides. The results of analyses showed that the collection of tested hybrids represents
the genotypes of all quality groups of hops. In the future the whole hybrid collection is supposed to be evaluated in the same
way with the aim concentrated on aroma hops, which would considerably get over current aroma varieties in the yield and
alpha-bitter acids content.

hop; breeding; hybridization; biochemical characteristics; progenies

ABSTRAKT: Genofond hybridniho piivodu dosahuje v stani&nich pokusech (HS) 6 500 aZ 7 000 jedinci. Ro&né je z 50 %
obméiiovan potomstvem cca 30 riiznych kfiZeni. Vybéry jsou pfenaseny do hybridni kolky kmenovych matek (HSKM), které
v roce 1995 dosihla rozsahu 674 genotypl. Vyrazny posun v poZadavcich na nové odriidy vyvolal potfebu biochemického
pfehodnoceni genofondu. Metody vysokotlaké kapalinové chromatografie a plynové chromatografie umoZnily stanovit bio-
chemicky charakter, dany skladbou chmelové pryskyftice a chmelové silice, u 104 vybéri z HSKM v roce 1995. Jsou zazna-
mendny genotypy viech uzndvanych kvalitativnich skupin chmeli. Biochemicky bude ptehodnocen cely soubor HSKM
s cilem zachytit zejména aromatické typy chmele, které vyrazné prekonaji tradi¢ni jemné aromaticky chmel a v kvalité mu

budou blizké.

chmel; Slechténi; hybridizace; biochemické charakteristiky; potomstva

INTRODUCTION

Czech hop industry has been exclusively aimed at
fine aroma types of hops which are represented by va-
rieties from the group of Saaz semi-early red-bine hops.
In spite of its indisputable quality and importance for
higher-grade beer production it seems to be more dif-
ficult to be successful on international hop market. It
is connected not only with changes in brewing technol-
ogy, lower sale opportunities and surplus of hop pro-
duction but with the changes regarding to hop appre-
ciation and tendencies to divide hop varieties only in
to two groups as well (Fric, 1996). The prices are
more and more derived from alpha-bitter acids content.
The prices differences of individual groups of hop va-
ricties are lower and lower. This trend is unfavourable
for aroma hops.

ROSTLINNA VYROBA, 42, 1996 (7): 317-320

In the recent years international hop market had
a tendency to distinguish two basic groups of hop va-
rieties: aroma hops with pure hop aroma and bitter hops
with high content of alpha-bitter acids (Cepicka,
1995). Both groups have specified detailed biochemical
characteristics (Haunold, 1988; Maier, 1995),
which are given by composition of hop bitter acids and
hop essential oils. Original aroma hop varieties, includ-
ing fine aroma hops, have lower efficiency from the
yield and alpha-bitter acids’ content point of view. New
generation of foreign hybrid hop varieties have higher
performance (higher yield and alpha-bitter acids con-
tent) and comparable quality. The intervals of individ-
ual parameters of aroma hop biochemical characteris-
tics are wider.

The extension of varietal assortment to all groups of
hop varieties, which are demanded, is desirable today.
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This is the chance for application of new aroma hybrid
hop varieties, built up on the basis of traditional fine
aroma hops.

MATERIAL AND METHODS

Hybrid nursery (HS), which has 6 500 to 7 000
individuals is the first site of hop breeding material
testing gained by hybridization. Each year 50% of this
gene pool is altered by progenies from approximately
30 various new crossbreedings. On the basis of the
positive selections hybrid nursery of mother strains
(HSKM) is established. All individuals have detailed
multi-year cycle of the evaluation.

HSKM plant cover is planted in the spacing of 300
x 100 cm, on two plants per selection without repeti-
tion. Four shoots are trained on two wires. Selections
are harvested separately. An average sample is taken
away from all plants of the selection. Fresh samples are
dried in a chamber drier under the temperature of 50 to
60 °C and stored at a cold and dark place until proc-
essing.

HSKM hybrid collection had 674 individuals in the
year 1995. A set of 104 hybrids was chosen for detailed
biochemical analyses (hop resins and hop oils determi-
nation). Hop resins were analysed by HPLC method
according to EBC 7.4.1 method. Hop essential oils
were determined on GC-MS chromatography system.
All analyses were performed at chemical department of
the Hop Research Institute. In tables enclosed, the re-
sults of yield, content of alpha-bitter acids, cohumulone
and farnesene proportions are given. This parameters
are ordered for ten most performing selections. Bio-
chemical characteristics, however, include many other
parameters. Their evaluation depends on breeders’ de-
cision.

RESULTS AND DISCUSSION

Considerable fluctuations of the contents and com-
position of hop chemical components, which is brought
up by weather conditions of the current year, is a veri-
fied fact. The growing season of 1995 can be generally
evaluated as an average without conspicuous extremes.
The temperatures and precipitation in July and August
were in very good compliance with long-term average
values at the stand (Figs 1, 2). Summer is a decisive
time for brewing valuable components forming in hop
cones. Cold and rainy weather at the end of August had
not an essential influence on cones maturation. From
many results of biochemical analyses the most impor-
tant are given in Tabs I, II. Alpha-bitter acids content
is a decisive criterion for inclusion of hybrids in the
group of high-alpha hops. Two different methods were
used for this purpose. Wollmer method gives higher
contents in comparison with HPLC method (Tab. I).
High identity in order of individual hybrids is evident
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if the results of both methods are compared. The most
performing hybrids, which meet requirements for high-
-alpha hops, have alpha-bitter acids content higher than
10% w/w. Hybrids 4587 and 4382 can be included in
the group of so-called super-alpha varieties.

Cohumulone content in alpha-bitter acids is another
quality parameter. Its high proportion have an adverse
influence on the beer bitterness. Therefore cohumulone
content above 25 to 30% rel. is not desirable. The hy-
brids with the most favourable cohumulone proportion
are given in Tab. II.

Farnesene content in hop essential oils is an impor-
tant criterion for hop varieties classifying the group of
aroma cultivars. Minimum level of 5 to 10% is the
prerequisite for inclusion the hybrids in this group.
A subgroup of fine aroma hops, with farnesene content
above 14 to 15% is often separated. Saaz semi-early
red-bine hops are typical representatives of this sub-
group. It has not been yet unambiguously stated if far-
nesene or any other hop oils components have a domi-
nant role in the beer hop aroma forming. Last research
shows that mutual ratio of individual hop essential oils
components (humulene, caryophyllene, farnesene,
selinene, cadinene) and synergic effects among compo-
nents proportions have a decisive influence on hoppy
taste of beer. These effects are most favourable in fine
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I. The summary of the most performing selections from alpha-bitter acids content aspect (Zatec, HSKM 1995)

O HSKM Alpha-bitter acids (%) Cohumul Farnesene Yield
index Wollmer HPLC (% rel.) (% rel.) (kg/plant)

| 4 587 15.30 12.85 34.60 0.00 474

2 3589 11.70 11.08 22.10 8.40 1.36

3 4382 12.00 10.27 28.60 0.40 1.52

4 4 501 11.90 10.12 22.20 0.00 3.36

5 4 330 9.60 9.64 28.10 6.30 534

6 4332 9.50 9.62 29.90 0.40 4.74

7 4 586 9.90 9.52 35.90 0.30 1.12

8 4534 9.50 9.49 24.80 0.30 3.36

9 4562 9.40 9.39 32.20 0.20 232

10 4527 9.40 9.32 28.70 0.40 2.90

Yield is given in kg of fresh hops
II. The summary of the best selections according to cohumulone contents (Zatec, HSKM 1995)
Sadar HSKM Alpha-bitter acids (%) Cot lone Far Yield
index Wollmer HPLC (% rel.) (% rel.) (kg/plant)

| 4 569 5.10 4,15 22.70 0.30 4.02

2 4 561 9.90 9.26 22.80 0.10 1.36

3 4 572 5.30 4.18 2290 0.50 1.90

4 4 385 7.10 6.00 2290 020 4.06

5 4 429 7.00 545 23.00 19.10 3.94

6 4 237 5.50 3.83 23.10 21.30 290

74 4 144 7.40 5.86 23.10 11.60 2.74

8 4 599 9.50 771 2330 3.50 5.66

9 4334 8.60 7.50 23.30 0.20 1.94

10 4571 7.20 5.61 23.30 0.20 3.52

Yield is given in kg of fresh hops

aroma hops. Tab. III shows the selections with the
highest farnesene proportion, hybrid 4429 can be con-
sidered as a very promising one.

The evaluation of yield parameters is not a bio-
chemical characteristic but it is an important economic
aspect of a prospective variety. The height of yield
gives the estimate of bitter-acids production based on
planted area. The yields range in the interval of 1.12
and 6.0 kg of fresh hops per plant. The most perform-
ing hybrids (ten seedlings, Tab. IV) give yields higher
than 5 kg of fresh hops. It represents a yield potential
of more than 3 t of dried hops and 300 kg of pure
bitter-acids per hectare.

CONCLUSIONS

The evaluation of hop breeding material is a com-
plex process, which comprises evaluation of both
plants and hop cones. Biochemical characteristics as an
objective point of view have gained importance in con-
nection with the changes in varietal classification and
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utilization of various hop varieties in brewing industry.
Increasing economic pressure of hop users enforces an
introduction of the new hop varieties.

Breeding of Czech hops has been preferably per-
formed by mass selection up to now. This gene pool is
however relatively exhausted. The supposition of the
rise and catching of economically utilizable somatic
mutations is very low. Mass selection has ensured the
preservation of economic uniformity of new varieties
and close structure of brewing valuable components.
Owing to the release of the strict measures in the varie-
tal structure, the future development of hop hybridiza-
tion and new hop genotypes application is possible.
Extensive gene pool of hybrid origin, which could not
be realized before, is concentrated in the station trials.
That is the reason why it has not been tested. yet by
biochemical analyses.

Chromatographic methods are widely used for this
purpose. First application of these methods for testing
of hybrid initial plant material proved that this gene
pool enables to gain genotypes fully comparable with
foreign hop varieties. Hop breeding is an expensive and
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I1I. The summary of the best selections according to farnesene contents (Zatec, HSKM, 1995)

Order }-!SKM Alpha-bitter acids (%) humulone Parnesene Yield
index Waéllmer HPLC (% rel.) (% rel.) (kg/plant)

| 4237 5.50 3.83 23.10 21.30 290

2 4 429 7.00 5.45 23.00 19.10 3.94

3 4234 6.70 524 26.20 18.30 5.76

4 3558 4.70 4.70 28.40 17.90 1.28

5 4617 10.60 8.79 28.80 17.40 3.46

6 3 560 4.10 4.00 21.00 17.00 1.24

7 4111 6.90 5.64 26.20 15.40 4.12

8 4 563 9.20 8.61 2430 15.30 2.68

9 4248 5.20 4.59 26.80 14.60 3.40

10 4 145 8.90 6.75 23.50 14.20 5.12

Yield is given in kg of fresh hops
IV. The summary of the most yielding selections (Zatec, HSKM, 1995)

Order HSKM Alpha-bitter acids (%) Cohiiniilons — Yield
index Waéllmer HPLC (% rel.) (% rel.) (kg/plant)

1 4 548 7.50 7.34 27.40 0.20 6.00

2 4234 6.70 5.24 26.20 18.30 5.76

3 4309 7.90 6.15 39.20 0.50 5.68

4 4599 9.50 7.1 2330 3.50 5.66

5 4258 5.20 5.13 25.80 0.00 5.36

6 4 360 7.80 7.00 22.00 0.90 5.36

7 4 567 5.60 5.00 26.20 6.60 5.30

8 4312 4.40 424 33.30 0.00 5.20

9 4435 9.80 7.54 19.50 0.30 5.16

10 4145 8.90 6.75 23.50 14.20 5.12

Yield is given in kg of fresh hops

lengthy process, which is a risk in anticipation of
utilizable results. Therefore detailed examination and
maximal utilization of the whole gene pool to a high
degree is necessary before exertion of the next means
and efforts.
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BREWING VALUE AND CLASSIFICATION OF HOP
BREEDING MATERIAL

PIVOVARSKA HODNOTA A KLASIFIKACE SLECHTITELSKEHO
MATERIALU CHMELE

K. Krofta, F. Kroupa, A. Rigr, F. Berianek

Hop Research Institute, Ltd., Zatec, Czech Republic

ABSTRACT: The analyses of hop bitter acids and hop oils were made in more than one hundred hop seedlings from breeding
nursery of the Hop Research Institute. Hop resins and hop essential oils are the most important hop components from beer
production aspect. In the recent years international hop market has had a tendency to distinguish only two basic varietal
groups — aroma hops and high-alpha hops. The attempts to repress fine aroma hop varieties as an independent group are
evident. The results of analyses show that collection of tested hybrids represents a wide spectrum of various genotypes from
aroma to high-alpha hops. The content of alpha-bitter acids in analysed hybrids is in the range of 2.6 to 12.8% w/w. Humulene
content in hop oils is predominantly in the range of 10 to 40% rel., have normal distribution with the mean value 25%. On
the other hand, farnesene proportion has distinctly bimodal distribution. It proves that its content is either significant (> 10%)
or negligible (< 2%). It can be stated that the collection of tested hybrids is a suitable basis for subsequent selection and
breeding of all economically significant types of hops. The results of analyses show that collection of tested hops represents
a wide spectrum of various genotypes from aroma to high-alpha hops. It is the suitable basis for subsequent selection and
breeding of all economically significant types of hops.

hop resins; hop essential oils; alpha- and beta-bitter acids; hop breeding; hop varieties; brewing value; HPLC; gas chroma-
tography

ABSTRAKT: U souboru vice ne# sta semen4&l z hybridni $kolky kmenovych matek (HSKM) Chmelatského institutu bylo
provedeno biochemické testovani stanovenim sloZeni chmelovych pryskyfic a chmelovych silic. Chmelové pryskyfice a silice
jsou z pivovarského hlediska nejdileZit€j$imi sloZkami chmelovych hlavek. V poslednich letech se v mezinarodnim obchodu
s chmelem projevuje tendence rozliSovat chmelové odridy pouze na dvé zédkladni skupiny — aromatické chmele a chmele
vysokoobsaZné, pfitemz se zjevn& potlatuje odliSovani jemnych aromatickych chmeld, jejichZ typickym ptikladem je Zatecky
polorany &erveiidk. Ob& skupiny odrid maji zpracovéna kritéria dand obsahem a sloZenim chmelovych pryskyfic a silic.
Vysledky analyz ukézaly, Ze testovany soubor hybridii pfedstavuje Siroké spektrum riznych genotypii od aromatickych aZ po
vysokoobsaZzné. Obsah alfa-hofkych kyselin se pohyboval v rozmezi 2,6 aZ 12,8 % hmotn. Analyza obsahu n&kterych vy-
znamnych sloZek chmelovych silic ukédzala, Ze obsah humulenu méa normélni rozdéleni se stfedni hodnotou v intervalu 20 aZ
30 % rel. Naproti tomu zastoupeni farnesenu mé rozdéleni bimodalni, coZ znamen4, Ze jeho obsah ve chmelovych silicich je
bud vyrazny (> 10 %), nebo zanedbatelny (< 2 %). Celkové lze konstatovat, Ze testovany soubor hybridi pfedstavuje vhodny
zéklad pro néslednou selekci a $lechténi viech hospodafsky vyznamnych typl chmelu.

chmelové pryskyfice; chmelové silice; alfa- a beta-hotké kyseliny; $lechténi chmele; chmelové odridy; pivovarska hodnota;
HPLC; plynova chromatografie

INTRODUCTION

Hops are one of the basic materials for brewing in-
dustry. They contain huge quantities of various compo-
nents from chemical point of view. Hop resins, essen-
tial oils and hop polyphenols are most applied in
brewing technology process. While many discussions
regarding to the role of hop polyphenols are still under
way and opinions are various, priority role of hop res-
ins to beer bitterness forming is unquestionable. Alpha-
and beta-bitter acids are the most important compo-
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nents of hop resins. They form a part of the so-called
soft resins and consist of a mixture of several humu-
lone, resp. lupulone analogues (Fig. 1). Cohumulone,
humulone and adhumulone in alpha-bitter acids, resp.
colupulone, lupulone and adlupulone in beta-bitter
acids prevail in natural mixtures of hop resins accord-
ing to the variety and maturity stage.

Hop essential oils are an other hop significant com-
ponent. They are the carrier of the typical hop aroma
and consist of nearly 300 components identified up to
the present time. Hop oils are formed by hydrocarbon
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The a-acids

NAME R
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The B-acids
NAME R
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R LUPULONE —CH,CH(CHs),
COLUPULONE —
HO OH CH(CHals
ADLUPULONE

—CH(CH3)CH,CHs

1. Structures of hop bittering components

fraction (~ 75%) and oxygen fraction (~ 25%), a small
part is formed by sulphur compounds (- 0.1%). Propor-
tion of individual components is not uniform, some of
them occur significantly while others are found in trace
amounts.

Hop resins and hop oils analyses, especially with
employment of modern chromatography methods prove
that hop bitter acids and hop essential oils composition
have in some parametres varietal stability. It is the
question of cohumulone proportion in alpha-bitter
acids, colupulone proportion in beta-bitter acids, con-
tents and mutual ratios of some hop oils components
(humulene, caryophyllene, farnesene). With increasing
number of new hop varieties particularly in the second
half of the 20th century and development of analytical
hop chemistry, attempts to classify hop varieties to
quality groups naturally appeared. Some authors
(Maier, 1979) aimed solely at hop oils evaluation.
Kralj et al. (1991) evaluated a few tens of hop oils
components and with the aid of statistical methods di-
vided hop varieties into 14 groups. Freundorfer et
al. (1991) studied hop oils composition in not only raw
hops, but in hop pellets and extracts as well. Kenny
(1990) and Foster et al. (1994) evaluated hop varie-
ties in more complex way, i.e. according to hop resins
and hop oils composition. Foster suggested to classify
hop varieties into five groups when in the group of
aroma hops separate classic fine aroma hops (Saazer,
Tettnang) as a quality standard.

In the recent years international hop trading has
a tendency to distinguish only two basic varietal groups
— aroma hops and high-alpha hops. High-alpha hops,
resp. the so-called super-alpha varieties are marked by
high content of alpha-bitter acids (> 10% w/w, prefer-
ably 12 to 16% w/w) and high yield. They are sold on
the basis of the pure alpha-bitter acids mass. Bitter hops
are used predominantly for hop extract production,
which are an important component of hopping technol-
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ogy prescriptions nowadays. Breeding of new more and
more performing hop varieties is one of the hop breed-
ing priorities. The merit of aroma varieties is, like the
term suggests, the fine hop aroma. Content of alpha-
-bitter acids is not usually too high (< 5% w/w), but due
to favourable hop oils composition are very demanded
on the market. In the recent 20 to 30 years a gradual
decline of efficiency in fine aroma hops has been re-
corded. Hop resins content is unstable, prone to heavy
fluctuations and gradually declines (Krofta, 1995).
Therefore in the recent years the effort of hop breeders
is aimed at breeding such aroma hybrid hop varieties,
which would hold as much traits of original fine hops
as possible and have higher yield and alpha-acids con-
tent simultaneously. Both breeding lines mentioned
above are followed at the Hop Research Institute too.
Analyses of hop bitter acids and hop oils are performed
on the large group of new bred seedlings. Results of
these analyses and new-bred unfinished seedlings
evaluation from the point of view of varietal classifica-
tion and brewing value is the main topic of this paper.

MATERIAL AND METHODS

Approximately 30 new crossbreedings are made in
the Hop Research Institute every year. Roughly three
thousand seedlings from received progenies are planted
at the site for detailed evaluation. From this amount
several tens plants are selected for further breeding.
Selections from progenies are placed in a hybrid nur-
sery of mother strains (HSKM). Selections are har-
vested separately. An average sample taken away dur-
ing harvest is dried and stored in cold and dark place
until processing. In the year 1995 biochemical testing
of 104 selections were done with the aid of hop resins
and hop oils analyses.

Hop bitter acids were analysed by high performance
liquid chromatography (HPLC) method E.B.C. 7.4.1 as
modified by Bloomfield et al. (1986). HPLC
analyses were carried out on liquid chromatograph Shi-
madzu LC 10A with diode array detector. HPLC con-
ditions were as follows: column Spherisorb ODS,
5 pum, 4.6 x 250 mm, detector A = 270 nm, temperature
40 °C, mobile phase: methanol-water-phosphoric acid-
-tetramethylamonium hydroxide 800/200/10/26 (v/v),
flow rate 0.8 ml/min. Hop essential oils were isolated
from hops by steam distillation at 100 °C (Wright,
Connery, 1951). GC analyses were carried out on
gas chromatograph Varian 3400 with mass detector
Finnigan MAT ITD 800 and capillary column DB-5,
30 m, ID 0.25 pm.

RESULTS AND DISCUSSION
The results of hop bitter acids and hop oils analyses

of selected group of seedlings from the crop 1995 are
summarized in Tab. I. The most important terpenic
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1. Evaluation of hop resins and hop essential oils - HSKM (crop 1995)

S.nmplc Alpl:;ﬂitter Bct:;?;ﬁer Ratio Cohumulone | Colupulone | Myrcene pﬁ;m:e Humulene | Farnesene
o (% wiw) (% wiw) | alpha/beta | (% rel.) (% rel.) (% rel.) (% rel.) (% rel.) (% rel.)
3231 8.39 535 1.57 20.9 39.6 422 12.0 21.6 1.9
3558 4.70 3.50 1.34 28.4 47.5 28.7 6.1 16.9 17.9
3560 4.00 3.07 1.30 21.0 37.6 35.6 6.7 17.2 17.0
3589 11.08 4.86 228 22.1 42.6 37.8 5.5 20.4 8.4
3590 5.97 4.17 1.43 34.9 54.0 28.5 13.0 27.9 112
3620 3.57 3.66 0.98 30.2 50.7 383 9.1 223 14.1
3645 5.68 4.54 1.25 26.2 46.8 50.0 4.8 153 11.6
3655 6.75 3.71 1.82 28.2 49.1 26.7 10.1 243 13.6
4093 7.40 4.41 1.68 37.0 54.7 45.4 6.3 283 8.8
4111 5.64 3.09 1.83 26.2 417 42.1 6.3 16.1 15.4
4143 4.25 6.66 0.64 234 422 43.8 10.4 25.8 <0.1
4144 5.86 5.06 1.16 23.1 43.2 39.7 6.1 18.5 11.6
4145 6.75 5.69 1.19 235 44.4 36.2 5.3 17.1 142
4146 5.47 4.63 1.18 21.7 49.3 29.4 13.4 30.1 0.6
4167 3.78 4.55 0.83 24.4 43.2 34.7 71 17.7 14.1
4234 5.24 5.65 0.93 26.2 473 35.1 8.8 19.6 18.3
4237 3.83 349 1.10 23.1 414 21.8 83 21.7 21.3
4240 7.61 4.49 1.69 25.8 471.7 47.0 9.9 24.9 <0.1
4241 5.77 5.00 1.15 25.7 471.7 335 10.2 258 6.7
4248 4.59 4.07 113 26.8 47.0 34.1 9.2 227 14.6
4255 6.20 4.96 1.21 20.1 40.6 36.2 9.4 315 1.4
4258 5.13 4.54 113 25.8 45.6 239 15.1 36.0 <0.1
4260 5.85 36 1.63 28.6 46.6 325 10.6 28.6 59
4261 4.55 4.64 0.98 30.1 50.1 383 82 253 0.2
4303 4.43 3.92 113 279 47.8 19.2 17.4 38.5 0.2
4306 3.68 378 0.97 320 51.8 22.6 15.7 37.0 0.4
4307 4.00 5.24 0.76 32.0 49.3 357 12.2 32.6 0.2
4309 6.15 5.11 1.20 39.2 61.1 334 14.6 312 0.5
4312 4.24 3.15 1.35 333 52.6 56.5 4.6 14.1 <0.1
4330 9.64 4.42 2.18 28.1 47.5 55.5 5.5 14.4 6.3
4332 9.62 371 2.59 29.9 489 41.7 14.2 1.9 0.4
4334 7.50 4.12 1.82 233 412 37.0 8.2 24.4 0.2
4353 4.65 6.14 0.76 244 41.4 44.4 7.3 215 0.2
4356 8.65 7.85 1.10 225 39.8 51.2 5.1 16.1 <0.1
4357 7.41 6.37 1.16 21.0 393 43.1 7.7 238 0.1
4360 7.00 5.40 1.30 22.0 42.1 30.4 89 26.1 0.9
4362 9.23 6.23 1.48 21.7 47.0 409 10.4 255 0.4
4365 3.76 7.08 0.53 25.3 39.8 458 9.8 20.7 0.4
4368 6.20 5.94 1.04 20.5 38.5 337 6.1 20.1 12.8
4372 6.69 3.55 1.88 26.0 47.2 319 9.8 26.3 1.4
4375 4.12 529 0.78 20.4 39.8 40.6 12.7 23.6 0.2
4376 8.61 5.11 1.68 27.8 50.0 25.1 6.3 13.4 2.1
4377 7.03 3.57 1.97 24.2 43.7 29.9 9.3 23.1 0.8
4380 4.92 4.01 1.23 29.8 48.5 377 6.9 233 132
4382 10.27 5.20 1.97 28.6 47.8 46.5 9.9 235 0.4
4385 6.00 4.89 1.23 229 425 413 9.5 18.8 0.2
4395 4.00 4.43 0.90 24.2 43.8 34.5 11.7 35.1 1.2
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Continuation of Tab. I

Sample Alpl;z:igilter Bel:;?;tter Ratio Cohumulone | Colupulone | Myrcene p(li;ﬁe(:e Humulene | Farnesene
index (% wiw) (% wiw) alpha/beta (% rel.) (% rel.) (% rel.) (% rel.) (% rel.) (% rel.)
4397 4.75 4.24 1.12 27.2 45.6 242 9.1 30.2 1.0
4398 - - - - - 249 11.0 335 1.5
4404 5.95 4.69 1.27 23.7 42.7 43.8 12.1 243 0.1
4428 4.65 5.06 0.92 21.7 41.0 39.1 6.9 18.3 9:7
4429 5.45 6.00 091 23.0 433 30.2 7.8 20.5 19.1
4430 3.64 7.12 0.51 19.7 372 494 9.9 19.7 0.8
4431 5.93 5.09 1.16 20.2 40.5 45.2 6.5 17.2 0.5
4434 8.46 4.65 1.82 209 41.2 39.9 7.5 224 33
4435 7.54 4.46 1.69 19.5 40.1 354 115 28.8 0.3
4449 452 3.19 1.42 23.6 425 33.0 9.7 26.3 8.6
4469 6.28 377 1.67 25.0 453 473 7.0 229 6.6
4475 5.55 425 1.31 21.2 38.8 38.0 10.1 344 0.7
4477 5.62 5.74 0.98 23.7 44.2 345 8.3 26.7 0.3
4501 10.12 455 222 222 424 48.6 14.9 15.9 < 0.1
4523 5.96 4.55 1.31 26.5 46.3 37.6 6.9 20.0 12.7
4527 9.32 3.76 248 28.7 46.7 3397 10.1 234 0.4
4528 8.55 7.03 1.22 26.2 45.7 45.2 10.0 30.6 0.7
4529 8.38 5.75 1.46 25.2 42.6 17.5 6.7 25.8 0.1
4534 9.49 3.83 2.48 248 427 395 8.2 214 0.3
4535 8.33 3.57 233 30.1 48.2 36.4 Il 21.0 0.4
4537 7.64 3.65 2.09 239 40.8 26.7 8.5 21.0 2.0
4546 7.32 3.55 2.06 274 45.1 27.6 12.1 31.8 <0.1
4548 7.34 436 1.68 274 454 327 15.9 28.6 0.2
4561 9.26 423 2.19 228 41.1 28.1 8.8 229 0.1
4562 9.39 3.61 2.60 322 489 35.5 8.7 26.8 0.2
4563 8.61 4.76 1.81 243 454 239 7.0 242 15.3
4565 2.56 5.86 0.44 21.7 39.0 30.9 8.4 229 12.9
4566 8.22 4.69 1.75 22.1 42.0 33.6 10.1 319 0.7
4567 5.00 5.80 0.86 26.2 44.0 28.7 29 104 6.6
4568 3.49 4.65 0.75 273 44.1 39.4 7.1 22.0 10.3
4569 4.15 4.21 0.99 227 41.8 49.6 10.6 16.9 0.3
4570 4.92 2.74 1.8 26.3 458 30.0 124 335 < 0.1
4571 5.61 3.37 1.66 233 422 28.8 16.2 344 0.2
4572 4,18 2.49 1.68 229 397 335 11.9 29.7 0.5
4573 4.84 4.30 1.26 34.1 54.1 41.1 13.0 26.3 < 0.1
4575 475 3.85 1.23 24.6 45.1 303 1.5 299 03
4576 435 4.84 0.90 314 493 40.4 8.1 25.0 0.4
4577 7.21 532 1.36 226 427 359 124 278 < 0.1
4578 3.84 3.44 1.12 274 448 183 1.7 31.2 11.6
4579 3.82 3.23 1.18 275 45.6 32.1 9.9 26.6 0.6
4584 7.06 4.21 1.68 27.0 458 17.8 11.7 27.0 1.0
4586 9.52 4.60 2.07 359 55.0 32.1 104 18.4 0.3
4587 12.85 4.89 2.63 34.6 54.5 41.7 9.6 273 <0.1
4597 592 4.65 1.27 253 438 342 13.9 30.9 <0.1
4599 7.71 2.87 2.69 233 429 29.4 10.7 27.7 35
4600 6.41 3.11 2.06 26.8 48.6 31.8 11.6 28.8 4.0
4604 8.74 3.35 2.61 26.3 44.5 34.5 7.9 28.7 0.4
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Continuation of Tab. I

Si:lx::),l(e Alp I;;l(;itter Bct:;li);ner Ratio Cohumulone | Colupulone | Myrcene pi;mon-e Humulene | Farnesene
(% wiw) (% wiw) alpha/beta (% rel.) (% rel.) (% rel.) (% rel.) (% rel.) (% rel.)
4606 4.76 4.57 1.04 27.2 47.7 38.6 10.4 30.8 03
4608 4.11 5.77 0.71 326 51.0 31.9 12.9 34.6 0.1
4609 8.16 3.81 2.14 26.6 47.5 449 79 26.2 < 0.1
4610 6.14 2.73 225 49.8 60.6 36.0 11.8 325 0.3
4611 6.32 245 2.58 337 50.5 33.0 95 26.7 0.1
4613 5.57 3.39 1.64 25.7 46.8 353 12:5 33.2 < 0.1
4617 8.79 3.57 2.46 28.8 46.2 37.8 7.8 16.2 17.4
4621 8.33 341 2.44 29.8 46.5 27.8 10.3 29.2 22
4622 5.63 222 2.54 23.6 44.7 16.1 13.5 427 1.6
4624 5.17 1.97 2.62 24.6 43.8 14.1 14.2 35.4 2.6
hydrocarbons contents were evaluated in hop oils (myr- Il Range of characteristic parameters
cene, humulene, caryophyllene, farnesene). The results Paranieter Unit Range
sho'w that tested hybrids rcprc_scr'n a wide spectrum of T rT—— p—— 2 S6_12:85
various genotypes. Characteristic parameters of hop . .
resins and essential oils keep within relatively broad Beia-hlosrsciis B 137125
limits, see Tab. II. Alpha/beta ratio - 0.44-2.69
The analogous evaluation of some foreign hop va- Cohumulone % rel. 19.5-49.8
rieties grown in worldwide collection of the Hop Re- Colupulone % rel. 37.2-61.1
search Institute is given for comparison in Tab. III. As Myrcene % rel. 14.1-56.5
it has been stated in the introduction, world hop market Caryophiyiises Gl 2.6:174
distinguishes hop varieties to aroma and high-alpha . ol T
ones, while there is an evident effort to repress separa-
tion of fine aroma hops (Saaz, Tettnang, Spalt). Both Farnesens wieel: 0213

quality groups of hop varieties are characterized by
a set of parameters (Tab. IV), which specify hop resins
and hop oils composition (Haunold, 1988; Maier,
1995).

Content of alpha-bitter acids (Tab. II) in analysed
new-bred hybrids is in the range of 2.6 to 12.8% w/w
and covers a wide spectrum from aroma to high-alpha
hops. Interval distribution of hybrids numbers accord-
ing to alpha-bitter acids content gives the following
values:

Alpha-bitter
acids content

Number

<40 40-70 7.0-10.0 10.0-120 >12.0

10 55 34 3 1

The hybrids with content of alpha-bitter acids less
than 4% were omitted from subsequent evaluation, be-
cause in accordance with the principles of modern hop-
ping, they have minute prospective in brewing indus-
try. Aroma hops with alpha-bitter acids content lower
than 4% are in common use today. A bottom limit of
alpha-acids content in the range of 3 to 4% w/w for
aroma hops can be considered as acceptable in the fu-
ture. In connection with alpha-bitter acids content em-
phasis is laid on cohumulone proportion. The cohumu-
lone appears to be more easily soluble in wort.
Iso-cohumulone, which is produced from cohumulone
during wort boiling by isomerization, imparts beer
stronger and more sustained bitter impression. There-
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fore, the influence of the cohumulone proportion must
be rated as a quality factor (Narcis, 1992).

The effort of hop breeders is aimed at obtaining
cohumulone content to be as low as possible in both
aroma and high-alpha new varieties. Analysis of cohu-
mulone proportion in hybrid group with alpha-bitter
acids content in the range 4 to 10% is given in Tab. V
and Fig. 2. It can be seen that 80 to 90% of hybrids
with alpha-bitter acids content in the range of 4 to 10%
have cohumulone proportion under 30% rel. Total
number of hybrids with alpha-bitter acids content
above 10% is relatively low. Only four hybrids meet
the limit for high-alpha hops, only one (4587) meets
the limit for the so-called super-alpha hops (12% w/w).
Cohumulone proportion in hybrids 3587, 4501 is very
favourable (< 25%), hybrid 4382 has this proportion
acceptable (< 30%). Content of beta-bitter acids is not
so important from brewing technology point of view
due to their much lower solubility in boiling wort in
comparison with alpha-bitter acids. Colupulone propor-
tion is not mostly specified because there is an approxi-
mately linear relationship between cohumulone propor-
tion in alpha-bitter acids and colupulone proportion in
beta-bitter acids.

Monoterpenes are generally an unwanted component
of hop essential oils. Myrcene and other monoterpenes
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III. Evaluation of hop resins and hop essential oils (foreign hop varieties / Hop Research Institute Collection, crop 1995)

Hop resins Hop essential oils
Variety Country of origin alpha beta ratio cohumulone | colupulone myrcene | caryophyllene| humulene farnesene selinene
(% wiw) (% wiw) alpha/beta (% rel.) (% rel.) (% rel.) (% rel.) (% rel.) (% rel.) (% rel.)
Saaz Czech Republic 2.09 3.68 0.57 24.9 413 337 7.0 24.8 13.0 0.6
Hall. Magnum Germany 13.42 7.27 1.85 25.7 423 49.2 14 245 <0.1 0.5
Perle Germany 5.03 3.39 1.49 325 53.1 28.6 14.7 359 <0.1 1.1
Spalter Select Germany 4.73 4.63 1.02 21.9 41.0 34.7 48 12.8 16.8 44
Tettnang Germany 2.03 3.66 0.56 27.5 41.8 22.7 83 25.7 16.4 0.7
Cascade USA 475 5.26 0.90 35.5 50.5 46.5 6.4 18.6 7.6 1.4
Chinook USA 6.09 3.92 1.55 317 482 27.6 8.7 15.7 0.5 6.8
Galena USA 9.56 8.24 1.16 39.5 61.8 35.6 7.9 27.0 0.6 2.1
Late Cluster USA 3.70 4.15 0.89 41.9 63.9 29.6 10.6 28.0 1.0 13
Nugget USA 8.63 3.58 2.41 257 488 31.1 1.7 28.4 1.0 29
Olympic USA 11.47 5.55 2.07 33.0 56.8 49.7 109 154 <0.1 1.6
Willamette USA 2.09 240 0.87 37.0 53.8 10.3 17.1 432 10.1 13
Brewers Gold United Kingdom 6.19 3.93 1.57 433 66.0 383 134 25.9 0.2 1.7
Fuggle United Kingdom 2.43 2.44 0.99 36.4 529 39.6 10.2 30.0 55 0.7
Northern Brewer United Kingdom 5.61 4.24 1.33 30.5 50.2 44.8 10.6 25.3 <0.1 0.7
Wye Challenger United Kingdom 4.22 4.18 1.01 30.1 47.3 317 9.2 23.0 2.4 10.8
Pride Ringwood Australia 4.78 532 0.90 32.6 52.6 26.1 8.6 1.9 <0.1 33.1
Silnyj Ukraine 5.69 3.64 1.56 42.4 64.1 41.1 12.0 24.8 03 0.4
Southern Brewer Republic of South Africa 291 2.54 1.15 33.6 39.7 28.5 7.8 20.5 4.6 1.3




IV. Criteria of aroma and high-alpha hop varieties

V. Analysis of the cohumulone proportion

Substance Aroma hops High-alpha hops Content of alpha-bitter acid in hops
Alpha-bitter acid 57% 10 %, 12-16 % s e g 4-7% wiw 7-10% wiw
Cohumulone <20-25% <25% (% rel.) S"5$'°“P (% rel.) subgroup (% rel.)
Alpha/beta ratio 0.8-1.2 S1e8 Sizo
Myrcene _ _ < 20% 0 0 1 3
Humulene % 4+ 20-25% 24 44 14 41
Caryophyllene + + 25-30% 21 38 15 44
Farnesene + + 30-35% 8 14 2 6
Selinene + + > 35% 2 4 2 6
Cadinene + + Total 55 100 34 100
+ desirable / — unwanted
VI. Interval distribution of caryophyllene, humulene and farnesene contents
Caryophyllene Humulene Farnesene
Interval subgroup size (% rel.) interval subgroup size (% rel.) interval subgroup size | (% rel.),
< 5% 3 3 < 10% 1 1 < 2% 68 65
5-10 55 53 10-20 22 21 2-5% 6 6
10-14 41 39 20-30 57 55 5-10 9 8
> 15% 5 5 30-40 23 22 10-15 13 13
> 40% 1 1 > 15% 8 8
Total 104 100 total 104 100 total 104 100

are considered responsible for a penetrant sharp aroma
characteristic. Their content in bitter hops should not
exceed 40%, in aroma hops 30 to 35%. On the other
hand, appropriate ratio of humulene, caryophyllene and
farnesene in hop oils forms favourable fine hop aroma.
Significant proportion of farnesene in hop essential oils
of Saaz semi-early red-bine hops is their important
varietal characteristic. Interval distribution of hu-
mulene, caryophyllene and farnesene contents in hop
oils of new bred hybrids are given in Tab. VI and
Figs 3, 4, 5.

It can be seen that histogramme of humulene sub-
groups size resembles the curve of probability density
of normal distribution with the mean value in the range
of 20 to 30%. The same does not apply to caryo-

3RREB S

rel. subgroup size (%)

101

i

< 20% 20-25% 25-30% 30-35%
cohumulone ratio

|Lj content 4 - 7% w/w

b d

content 7 - 10% wiw |

2. Subgroup size of the cohumulone proportion in alpha-bitter acids
(new cultivars)
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phyllene. Its proportion ranges in interval 5 to 15% in
more than 95% of all tested hybrids. The distribution
of subgroups size farnesene proportion reflects the si-
tuation in cultural hop varieties and shows that its pro-
portion in hop essential oils is relatively scarce. Bimo-
dal distribution proves, that its content is either
significant (> 10%) or negligible (< 2%). Farnesene
content in hop oils of nearly 3/4 tested hybrids is be-
low 5%.

CONCLUSIONS

The collection of tested hybrids represents a very
plentiful assortment of various hop genotypes. It meets
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caryophyllene content

3. Content of caryophyllene in hop essential oil
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humulene content

4. Content of humulene in hop essential oil

requirements for selection of all economically signifi-
cant hop varieties from brewing technology point of
view.
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THE RESULTS OF LABORATORY EXPERIMENTS
AND THEIR POSSIBLE UTILIZATION
IN HOP PROTECTION STRATEGY AGAINST PESTS

VYSLEDKY LABORATORNICH EXPERIMENTU A JEJICH MOZNE
VYUZITI VE STRATEGII OCHRANY CHMELE PROTI SKUDCUM

J. Vostrel

Hop Research Institute, Ltd., Zatec, Czech Republic

ABSTRACT: Contemporary hop protection against Phorodon humuli Schrank is based at first on imidacloprid application,
which is still very efficient. Nevertheless, there were reported some cases of imidacloprid failure in 1995 which may have
been caused by wrong application or use of another non-recommended formulation. That means that there is a real danger
of a complete failure of imidacloprid in the future. This is the reason why new insecticides have been tested in our laboratories.
While acetamiprid is very similar to imidacloprid and therefore there exists supposition of a quick resistance increase too,

' pymetrazine may be very useful insecticide in hop protection strategy against resistant P. humuli in the future. Its regular
change with imidacloprid (acetamiprid) every other year may mean much slower development of resistance to these substances
and so their longer possibility of utilization in practical conditions. Fenazaquin and fenpyroximate proved to be efficient
enough as acaricides in laboratory conditions. Their registration and utilization in practical hop protection against Tetranychus
urticae Koch would be unquestionably a contribution to the whole strategy, because the efficiency of the older acaricides is
not at present on the level as it used to be in the past. This is the reason why they must be gradually replaced by new more
efficient acaricides.

hop; hop aphid; two-spotted spider mite; insectides; acaricides; hop protection; laboratory tests

ABSTRAKT: Msice chmelova (Phorodon humuli Schrank) a sviluska chmelova (Tetranychus urticae Koch) jsou hospodai-
sky nejvyznamnéj$imi $kidci chmele v evropskych chmelai'skych oblastech. PouZiti organofosforovych insekticidl v Sirokém
méfitku v poloviné 50. let pfedstavovalo velmi drasticky zasah do entomofauny chmelnice a znamenalo prakticky vyfazeni
pfirozenych nepfitel téchto $kudcu z jejich, do té doby velmi duleZité role. Od té doby lze konstatovat, Ze jejich vyznam
poklesl na minimum a hlavnim regulativem se staly pesticidy. Jejich rychly a vysoky uéinek, ktery byl na pocitku jejich
pouZivani zaznamendn, se postupné sniZoval diky fenoménu rezistence, ktery prakticky ur&uje pouZiti insekticidl a akaricidi
ve chmelnicich v poslednich 30 letech. Postupné jsou méné G¢inné pfipravky nahrazovény G&inn&j¥imi tak, abychom byli
schopni zajistit poZadované mnoZstvi chmele v dostatedné kvalité. Ochrana chmele proti mici chmelové je v soudasné dobg
zaloZena pfedeviim na aplikaci vysoce G&inného aficidu, imidaclopridu. Zivotnost vech pesticidd je viak omezend, a proto
je tfeba mit k dispozici dalsi G&inné pfipravky v pfipad€ selhdni pfipravki stivajicich. Jako nejvhodn&jsi z ovéfovaného
spektra aficidd se ukazuji acetamiprid a pymetrazine. V ochran& chmele proti T. urticae jsou star¥i kontaktni akaricidy rovn&%
postupné nahrazoviny nové&j§imi i¢inn&jSimi pfipravky. Jako nad&jny se na zaklad& vysledki laboratornich testii ukazuje
akaricid fenazaquin a pfedev¥im pak fenpyroximate. Jejich registrace by rozhodné znamenala obohaceni spektra pouZitelnych
akaricidi, a tim i sniZeni nebezpe&i rychlého naristu rezistence.

chmel; m3ice chmelov4; sviludka chmelova; insekticidy; akaricidy; ochrana chmele; laboratorni testy

INTRODUCTION protect hop plants against aphids. This substance was
relatively friendly to environment and enabled preda-

tors to control aphid numbers (R Zi¢ka etal., 1988).

Hop aphid (Phorodon humuli Schrank) and two-
-spotted spider mite (Tetranychus urticae Koch) are the
most dangerous pests of hop in European hop-gardens.
Natural enemies were the only factor which limited
P. humuli population density till the beginning of the
20th century (Blatny, Osvald, 1950). Tobacco
extract had been used in the first half of this century to
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Organophosphorous insecticides application, which
had begun in the half of this century, destroyed all
aphidophagous and acarophagous insects, which did
not seem very important at that time. Unfortunately, the
first problems emerged after ten years of these pestici-
des utilization due to resistance phenomenon. Organo-
phosphates had to be gradually replaced by special
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acaricides, carbamates and later by pyrethroids and
some other insecticides (Vostfel, 1990).

The overall situation in hop protection against hop
pests requires to be controlled. It is the reason why P.
humuli and T. urticae strains were sampled from hop-
-gardens each year and kept in laboratory rearings over
winter time to be tested. Results with the efficiency of
commonly used aphicides and acaricides are regularly
published (Vostrel, 1993a, b, 1995). Information
about some prospective compounds which may help to
control resistant P. humuli and T. urticae in Czech hop-
-gardens in the future are reviewed.

MATERIAL AND METHODS

Samples of P. humuli and T. urticae were collected
from the chosen hop-gardens during 1993 vegetation
period. They were kept in laboratory rearings under
standard conditions: temperature 22 °C, 16 h photope-
riod and 60% relative humidity on hop plants (Humulus
lupulus L.).

The following promising pesticides were tested:

— Chess 25 WP (25% pymetrazine) and Mospilan

20 SP (20% acetamiprid) on P. humuli;

— Ortus (5% fenpyroximate) and Magus 200 SC (20%
fenazaquin) on T. urticae.

A modified method of pesticide resistance detection
recommended by FAO (Anonymous, 1979) was used.
Hop leaves (P. humuli) or discs of leaves in Petri-
-dishes (7. urticae) were placed at the bottom of a sedi-
mentation tower and were treated with appropriate pesti-
cide concentrations and the exposure of females followed.
The pressure of Potter nozzle was 0.2 MPa and sedimen-
tation time 10 min. The mortality was checked out 48 h
after spraying. Each spray was three- -times repeated.
Distilled water was applied as a non- -treated control.

RESULTS AND DISCUSSION

The both new insecticides (pymetrazine and
acetamiprid) were very efficient against resistant P. hu-
muli strains in laboratory tests.

From the survey in Tabs I and II and Fig. 1 it is
obvious that the efficiency of acetamiprid is very high
in all the tested concentrations. Even in the lowest con-
centration (0.00125%) there is still 100% mortality of
P. humuli.

Three concentrations were chosen for laboratory
tests with pymetrazine (0.1; 0.04 and 0.01%). We can
see that pymetrazine is efficient on resistant P. humuli
strains that were sampled during the first decade of
August 1993, in Zatec-hop region, in 0.1 and 0.04%
concentration.

We can see in Tabs III and IV and Fig. 2 that fen-
pyroximate was very effective in 0.1% concentration
against resistant strains of 7. urticae that were collected
during the first decade of August, 1993 in Zatec and
Ust&k hop regions. We can say the same in the case of
fenazaquin, at first in the higher tested concentration.
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1. The efficiency of acetamiprid on resistant

under laboratory conditions in 1994

strains of P. humuli

Concentration Strain Efficiency

(%) of P. humuli (%)
Libé&Sice 100

0.005 Skupice 100
Stebno 100

x 100

Lib&Sice 100

0.003 Skupice 100
Stebno 100

x 100

Lib&sice 100

0.00125 Skupice 100
Stebno 100

x 100

II. The efficiency of pymetrazine on resistant strains of P. humuli

under laboratory conditions in 1994

Variant Concentration | Strains Efficiency
(pesticide) (%) of P. humuli (%)
Lib&Sice 96.7
ol Skupice 92.2
Stebno 100.0
X 96.3
Lib&3ice 91.3
hess 25 W i
Chess 25 WP 0.04 Skupice 98.3
Stebno 95.0
x 94.9
Libésice 73.3
0.01 Skupice 83.3
Stebno 78.3
x 79.9

III. The efficiency of fenazaquin on resistant strains of 7. urticae

under laboratory conditions in 1994

Variant Concentration | Population Efficiency
(pesticide) (%) of P. humuli (%)
Steknik 100
Ploskovice 100
0.12 Védomice 100
Mutéjovice 100
Décany 100
Magus x 100
Steknik 95
Ploskovice 97
0.06 Védomice 96
Mutéjovice 100
Décany 100
x 97.6
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1. The efficiency of acetamiprid and pymetrazine
on resistant strains of P. humuli under laboratory
conditions in 1994

Pesticide, concentration

2. The efficiency of fenpyroximate and
fenazaquin on resistant strains of 7. urticae under
laboratory conditions in 1994

Efficiency in %

IV. The efficiency of fenpyroximate on resistant strains of T. urticae
under laboratory conditions in 1994

CO"C:;:;ﬂﬁon Strains of T urticae Efficiency (%)

Postoloprty 98.5

Psov 98.0

Orasice 99.0

Mut&jovice 100.0

0.1 Z Décany 98.0
Polepy 100.0

Ploskovice 99.0

Védomice 100.0

x 99.1

Postoloprty 89.5

PsSov 92.0

Orasice 97.5

Mutéjovice 98.0

0.05 Détany 84.5
Polepy 99.0

Ploskovice 90.0

Védomice 97.5

x 93.5

All above-mentioned concentrations apply to com-
mercial formulations of insecticides and acaricides,
resp. not to active ingredients.
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PRODUCTION OF MERISTEM CULTURE
AND ITS EFFICIENCY IN PRACTICAL CONDITIONS

PRODUKCE MERISTEMOVE SADBY A JEJi VYKONNOST V POROSTU

P. Svoboda, J. Kopecky

Hop Research Institute, Ltd., Zatec, Czech Republic

ABSTRACT: Saaz hop varieties have been made healthier from virus diseases with the help of in vitro meristem cultures
and thermotherapy. The obtained virus-free material was multiplicated by in vitro clonal multiplication. It was tested by
ELISA method for the presence of ApMV, PNRV, HLV, HMV, and ArMV. For wider application of virus-free hops during
establishment of new hop-gardens the methods of multiplication by hop microcuttings in glasshouse-conditions in the Hop
Research Institute in Zatec have been worked out. The problem of root stocks growing in field conditions was solved too.
The production per shift with help of four-row mechanical planter, a tractorist and six employees present is about 8 000 to
10 000 plants. That means 1 ha of rootstock nursery has a capacity of 90 000 plants. The trials which were established on
three localities showed conclusively higher production of these hop plants which had the origin in meristem cultures than
those with the origin in traditional planting stock. The yield was higher in average by 33 to 77% and the contents of alpha-acids
was higher by 51%, resp. The typical qualitative characteristics of semi-early red bine hops stayed without any change.
Obtained results were statistically evaluated by the method of analysis of variance. Conclusive evidence for evaluated variants
was highly significant with the probability of 99%. As a result of positive results obtained from meristem culture the necessity
has risen since 1994. 700 000 pieces of it were planted in 1995 which means about 90% of the whole necessity of planting
stock material.

virus-free hop; tissue cultures; ELISA; propagation; planting stock; yield; alpha-acids content

ABSTRAKT: Odrudy Zateckého chmele byly ozdraveny od virovych chorob metodami meristémovych kultur in vitro
a termoterapie. Vychozi ozdraveny materidl byl mnoZen pomoci klonového mnoZeni in vitro a kontrola zdravotniho stavu
byla provddéna metodou ELISA na pfitomnost viri ApMV, PNRV, HLV, HMV a ArMV. Pro $irdi uplatnéni sadby meristé-
mového plivodu pfi zakldd4ni novych chmelnic byly ve Chmelafském institutu v Zatci rozpracovany metody mnoZeni pomoci
mikrofizki ve sklenikovych podminkéch. V navaznosti byla feena problematika dopéstovini chmelovych kofenacu v polnich
podminkach kofenaCové $kolky. Pfi mechanizovaném zpisobu vysadby &tyffadkovym sazecem je vykonnost za sménu ddna
obsluhou traktoristy a Sesti pracovniki 8 000 aZ 10 000 ks, coZ pfi sponu vysadby 72 x 12 cm umoZiiuje na 1 ha kofenacové
Skolky vysazet 90 000 ks. Poloprovozni pokusy zaloZené na tfech stanovistich prokazaly priikazn&€ vy33i produk&ni schopnost
chmelnic zaloZenych merist¢émovou sadbou oproti sadbé tradiéni. Zvy3eni vynosu se u meristémovych kultur pohybovalo od
33 do 77 %. Obsah alfa-hotkych kyselin byl v priméru o 51 % vy338i neZ u chmelnic zaloZenych tradi¢ni sadbou, pfi¢emz
typické kvalitativni ukazatele jakosti Zateckého poloranného Eerveiidku ziistaly nezménény. DosaZené vysledky byly statis-
ticky zhodnoceny metodou analyzy variance. Pritkaznost rozdilu byla mezi hodnocenymi variantami vysoce priikkazna s prav-
dépodobnosti 99 %. V dusledku dosaZenych pozitivnich vysledku s meristémovou sadbou stoupa od roku 1994 i jeji potieba
pro zakladani novych chmelnic. V roce 1995 to bylo jiz 700 000 ks, coZ piedstavuje 90 % z celkové potieby veskerého
sadbového materidlu chmele.

viruprosty chmel; meristémové kultury; ELISA; mnoZeni; sadba; vynos; alfa-hotké kyseliny

INTRODUCTION

Hop (Humulus lupulus L.), as a vegetative propa-
gated monoculture grown for many years at the same
location, is severely endangered with virus diseases.
Productive potential of hop plants is decreased by these
diseases, which is observable not only on the yield but
on the quality of hop cones as well. It is the reason why
many countries have begun a recovery process. Hop
plants free from ilarvirus and carlavirus had higher
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yield by 4 to 38% and alpha-acid content by 18 to 26%
than contaminated ones. They were more vigorous in
their growth as well (Kremheller et al., 1989).
Bohemian hop varieties are contaminated at first by
the following viruses: apple mosaic virus (ApMV)
from the group of ilarvirus, hop mosaic virus (HMV)
and hop latent virus (HLV) from the group of carla-
virus. Svoboda (1993) determined those viruses
with the help of ELISA immuno-enzymatic method. In
vitro tissue cultures with subsequent thermotherapy
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were used to eliminate virus diseases (Adams, 1975).
Clonal propagation methods were studied by Sa-
nym, Welvaert (1983). A convenient medium
was modified as a result of this study. There were also
observed different varietal reactions in the course of in
vitro cultivation. Svoboda (1991) dealt also with
the methods of isolated top shoots cultivation, clonal
propagation and Bohemian hop recovery process.

Biochemical analysis of virus-free hop showed that
all characteristics typical for delicate aromatic hops
were kept when recovered hop plants were analyzed
(Krofta, Kroupa, 1995).

Virus-free hop planting stock propagation is a pro-
cess which is very demanding as for necessities of en-
ergy, space capacity and special labour for work opera-
tions providing.

The whole process can be divided into three basic
stages:

1. virus-free hop material obtaining in vitro laboratory
conditions;
2. micro-cuttings propagation in glasshouse conditi-
ons;
. 3. planting stock cultivation in root-material nurseries.

MATERIAL AND METHODS

Chosen plants of hop varieties grown in a nursery
of registered varieties were the source of plant material.
The nursery is located in the Hop Research Institute in
Zatec and is a part of maintaining hop breeding. Tissue
cultures cultivation, propagation and in vitro thermo-
therapy were carried out in the way as described above
by Svoboda (1992).

Hop plants state of health control were made by
ELISA immuno-enzymatic method as described by
Clark, Adams (1977). The following viruses were
determined: apple mosaic virus (ApMV), prunus ne-
crotic ringspot virus (PNRV), hop mosaic virus (HMV),
hop latent virus (HLV) and arabic mosaic virus
(ArMV) from nepovirus group (Svoboda, 1993).

The necessity of high-quality planting stock is still
increasing. There were nearly 700 000 plants in 1995.
Micro-cuttings propagation can be successful to be car-
ried out in a short time-limit (February to May). Un-
fortunately, earlier propagation is impossible because
there is a time of mother-crowns’ vegetative silence.
Later term is out of the question because very short
vegetative time for creation of satisfactory hop root-
-stock remains after this material planting into nurser-
ies (second half of June).

Optimal temperature for cultivation in glasshouse
conditions is 20 to 22 °C, optimal relative humidity is
80 to 90%. Light intensity must be sufficient enough
and is provided by adding more light (1 800 to 2 000 Ix)
for better root formation of cultivated plants. It can be
done by day extension to 14 to 16 hours or by illumi-
nation during night (since 10 p.m. to 5 a.m.). Rooted
plants in jiffy pots (5 x 7 ¢cm), from which micro-cut-

334

tings were taken three to four times, are usually planted
in nurseries since the beginning of May. A special
modified four-row mechanical planter is used for this
purpose. The spacing between row is 75 cm and the
distance between individual young plants in the row is
12 cm. It means that it is possible to plant 90 000
seedlings per hectare. The mechanical planter has the
output of 8 000 to 10 000 planted jiffy pots per shift
and is operated by a tractorist and six other workers.
Grown root stocks, which have the origin in tissue cul-
tures from rooted micro-cuttings, are in propagation
grade S1-Mer.

Semi-operating trials with traditional and tissue cul-
tures planting stock have been established in our hop
regions on the following localities: Steknik, Védomice,
Prilepy in autumn 1991. Conditions of growth were ob-
served and evaluated during the vegetation period to-
gether with visual evaluation of healthy conditions and
subsequently ELISA immuno-enzymatic method was
used to determine the presence of ApMV, as the most
dangerous virus. The production efficiency of planting
stock was assessed by the total yield of hop cones.
Qualitative hop characteristics, expressed by conduc-
tometric value, were determined by an EBC 7.3.2. method
in chemical laboratories of the Hop Research Institute
in Zatec. These values were determined in collected
average samples of chosen trial variants. The data ob-
tained were statistically evaluated by #-test method.

RESULTS AND DISCUSSION

A rather later beginning of vegetation in spring time
is typical for hop plants planted from tissue cultures
planting stock. The percentage of emerged plants is
higher than that of common traditional planting stock
(minimally 95%). The plants, which have their origin
in tissue culture planting material, are more vigorous
during vegetation period, which has a result in a higher
yield of hop cones, in comparison with traditional
planting stock. Harvest results obtained in a commer-
cial hop-garden conditions are shown in Tab. I and
Fig. 1, resp.

The highest yield increase is obvious in the first year
after a hop-garden establishment. Later the differences
between hop cones yields are becoming slighter, nev-
ertheless, they always are statistically conclusive. The
average yield rise during four-years’ evaluation is at
the observed localities approximately 29%. These val-
ues are in accordance with those which are mentioned
by e.g. Gmelch etal. (1982), who says that they are
higher at an average by 25 to 35%.

The qualitative parameters of harvested hops from
individual experimental variants were evaluated by con-
ductometric value, which determines alpha-acids con-
tents that are the most important substances for brewing
industry. The results of analysis are shown in Tab. II
and Fig. 2, resp. The complex of analysis evaluating
biochemical characteristics was carried out as well.
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1. Review of hop yields

1. Alpha-acids content

Yield of dry Conclusiveness 2 Conclusiveness
Harvest | Variant hops lr(:;ibe)x of the difference Harvest | Variant Alpl;;;ads .lr(xg:)x of the difference
(tha™) (%) (%)
tissue . tissue
1992 s 0.58 165 99 1992 siiltires 55 152 2 99
control 0.35 100 control 3.6 100
tissue tissue
win | culisece 1.38 135 99 NG e 6.0 153 99
control 1.02 100 control 3.9 100
tissue tissue
1994 caltires 1.13 114 <95 0 1994 cultores 3.9 177 99
control 0.99 100 control 2.2 100
tissue tissue
1995 caltass 1.38 124 <95 1995 culhires 5.2 133 99
control 1.11 100 control 39 100
tissue tissue
Average | cultures L11 129 <95 Average | cultures 5.15 151 99
control 0.86 100 control 34 100
Alpha-acids content is much higher in hops which Il Necessity of root stock
have the .origin in tissufa f:ul.tures planting s_t(_)ck than in Traditional | Nomber of root stock Tissue
those which have the origin in common traditional plant- Year: | etk used for new cultures root
ing material. Long-term increase of 51% is obtained at an hop-gardens planting stock
average. It represented statistically highly conclusive dif- 1991 307 000 45 000 7 600
ference and the decreasing tendency caused by the age of 1992 490 000 210 000 24 258
hop plants has not been proved yet. 1993 716 723 315 000 91 421
_ Since the t'ime of tissue cultures p.roduction .bt.agin- 1994 493 750 119 000 397 193
ning (1991) till 1993 was the necessity of traditional 1995 342 310 68 000 606 110

planting stock considerably higher. A change occurred
in 1994 and 90% of the total planting stock need was
sold and planted in 1995. A comparison of traditional
and tissue culture root-stock is shown in Tab. III and
Fig. 3, resp.

A recovery process of hop from virus diseases
brings about a considerable increase of Bohemian
semi-early redbine hop yield parameters. Hop grown in
Czech Republic is a typical representative of noble
very fine aromatic hops which are of the highest quality

(tha)

in the world. Unfortunately, their disadvantage is in
low yield and last but not least in low alpha acids
content. Taking into consideration the fact that all cha-
racteristics typical for noble delicate aromatic hops are
kept after the recovery process, we can state that this
process means the base for stabilization of a higher
yield level of Bohemian hops and this brings about an

(% w)
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1.44—-
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1992 1983 1994 1995
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increase of their competition-ability within the world
hop market and their further clear perspective as well.
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