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TRANSFER OF HOP AGRICULTURAL TRAITS
ON Fi; GENERATION POSTERITY

PRENOS VYZNAMNYCH HOSPODARSKYCH ZNAKU U CHMELE
NA POTOMSTVO F; GENERACE

V. Nesvadba', P. Vejl°, S. Skupinova®

IHop Research Institute Co., Ltd., Zatec, Czech Republic
2Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: At the Hop Research Institute in Zatec there was observed the parent influence on the transfer of the major
agricultural traits of hop (Humulus lupulus 1..) as cone aroma, cone density, o-bitter acid content including sex ratio on the
posterity. Model crossing was carried out in 1997. Female plants (Wye Target, Yeoman, Hallertauer Magnum and Premiant)
are of a bitter type. Male plants are from the genefond of Hop Research Institute in Zatec. In 1998 the first posterity evaluation
was carried out. Posterity of Target variety had the best aroma of cones. Posterity of Premiant variety and a male plant of
Osvald’s clone 72 had the highest density of cones. Posterity of Yeoman and Hallertauer Magnum varieties had the highest
a-bitter acid content.

Keywords: hop Humulus lupulus L.; inheritance; aroma of cones; density of cones; «-bitter acid content; posterity

ABSTRAKT: V Chmelafském institutu v Zatci byl sledovan vliv rodi¢ti na pfenos vyznamnych hospodafskych znaki
u chmele (Humulus lupulus L.), jako je viné hlavek, hustota nasazeni hlivek, obsah o-horkych kyselin a podil pohlavi na
potomstvu. V roce 1997 bylo realizovdno modelové kiiZeni. Mate¢né rostliny byly vysokoobsazného typu (Wye Target,
Yeoman, Hallertauer Magnum a Premiant). Otcovské rostliny pochazely z genofondu CHI Zatec. V roce 1998 prob&hlo prvni
hodnoceni potomstev. Nejlepsi vini hlavek vykazala potomstva odridy Target. Nejvy3si hustotu nasazeni hlivek méla
potomstva odriidy Premiant a samdi rostliny Osvaldova klonu 72. Nejvyssi obsah a-hofkych kyselin byl zjiStén u potomstev
odrid Yeoman a Hallertauer Magnum.

Kli¢ova slova: chmel Humulus lupulus L.; dédi¢nost; viiné hldvek; hustota nasazeni hldvek; obsah o-hotkych kyselin; potomstvo

INTRODUCTION

Conversion of the hop varieties collection runs in
the Czech Republic. Up till now there have been culti-
vated only very fine aromatic hops with Zatec semi-
-early red bine hop origin (Fric, 1998). Hop breeding
is aimed at hybridization for this reason. Hop as
a dioecious plant has a very heterozygous genotype
and so it is a good subject for planned crossing. Hop
inheritance evaluation is very difficult (Beranek, 1996).
Most agricultural traits are detected only in female
plants (Fric, Nesvadba, 1999).

The goal of plant breeding is to obtain parents which
will be able to transfer the desired traits on hybrid poster-
ity. New knowledge will be effectively used in hybridi-
zation program. For breeders need the collection of world
hop varieties from the genetic resources of Hop Research
Institute in Zatec is mainly used (Beranek, 1997).
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MATERIAL AND METHODS

Model crossing was carried out in 1997. Original
material of the used parents was collected from the
genetic resources of Hop Research Institute in Zatec.
— Female plants (Wye Target, Yeoman — Great Britain;

Hallertauer Magnum — Germany; Premiant — Czech

Republic) belong to the group of bitter varieties.

— Male plants were selected on the base of pedigree
and according to the ratio of Zatec semi-early red
bine hop variety (next only SRBH) — 82/6 (24% of
SRBH), 86/4 (33% of SRBH), 87/3 (50% of SRBH)
and Osvald’s clone 72 (100% of SRBH).

Posterity of each crossing had 40 individuals. The
four following traits were evaluated:

Sex

Number of female and male individuals including
hermaphrodites presence (male and female inflores-
cence on one plant) was determined within each pos-
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terity. Inheritance of sex is very complicated because it is
determinated by four sex chromosomes (Cerny, 1994).

Aroma of cones

Cone aroma is evaluated within harvest samples ac-
cording to the following five-point scale:
1. atypical, non-hop
3. little expressive (empty)
5. hop, expressively spicy
7. hop, spicy
9. hop, fine aromatic

Density of cones

Cone density is evaluated during the process of be-
fore-harvesting plant description according to the five-
-point scale:

. very unfrequented
. unfrequented

. medium

. frequented

. very frequented

O N W=

Content of hop resins

The hop resin content is evaluated by the conduc-
tometric value (CSN 42 6520 guideline) in the weight
percentage in the desiccate (next only % CV).

Each of the observed traits was statistically evaluated
by using PC Microsoft Excel and Trilo Byte Adstat pro-
grams. Statistical evaluation is divided into two parts:
a) Evaluation of variability within individual observed

traits is expressed by standard deviation and by va-

riation coefficient (Kaba, 1982).

b) Tests of the difference significance between two ave-
rages enable to consider if the differences between the
averages of two selected files are statistically signi-
ficant (Meloun, Militky, 1994). The differences bet-
ween average values in observed parent posterity are
evaluated by t-test method which enables to detect

0.6%

Male plants
30.4%

_1

-~

Female plants
69.0%

- =

1. Sex inheritance of the observed posterity
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the possibility for conclusive differences of average
values. If the level is significant at oo = 0.01, the
average value of the compared posterity is different
with the probability of P = 99%.

RESULTS AND DISCUSSION

In the process of inheritance evaluation of agricul-
tural traits, parent influence on sex in F| generation was
evaluated as well. From 640 cultivated plants there
were 69.0% of females, 30.4% of males and 0.6% of
hermaphrodites (Fig. 1). Influence of the tested parents
on the sex ratio in F| generation is presented in Tab. I.
Female plant posterity embodies average representation
of the female plants within the whole posterity (64.8% to
71.0%). Female plant influence on sex in observed pos-
terities is inconclusive. Female plants probably do not
influence male and female plant ratio. Because of the
hermaphrodites presence in the posterity of Target va-
riety, we can conclude that female plants would be
probably the bearer of hermaphrodites inheritance. On
the contrary, the male influence on the representation
of male or female plants is conclusive. Increment of
male plant ratio in the posterity was conclusive in the
genotype 87/3 (0. = 0.01). For hop breeding, when the
female plants are mostly tested, this male plant is not
applicable. Sex inheritance of hop is very complicated
because it is based on four sex chromosomes and the
presence of hop hermaphrodites is influenced by envi-
ronmental conditions.

As the first evaluation of the cultivated plants was
carried out in 1998 we must consider the obtained re-
sults as partial ones. Parent influence on hop cone
aroma, cone density and o-bitter acid content in F;
generation posterity is evaluated in Tab. II. The first
from the evaluated traits is cone aroma. The average of
the observed file is 4.17 points. Good combination ability
have the parents H25, H33 and H36. Their posterities
have the highest average value of cone aroma and at
the same time the lowest value of the variation coeffi-
cient. The second of the evaluated traits is the major
yield-making characteristic — cone density. The average
value of the observed plants is 4.07 points under stan-
dard deviation 1.414. The third of the evaluated traits
is the content of a-bitter acids. This trait is the most
important for breeders. Average o-bitter acid content
of the observed file is 6.68% CV if the standard devia-
tion is 2.078. Good combination ability was recorded
for the parents H35 and H34. Their posterities show the
highest content of o-bitter acids and low variability
(Vi H35 = 19.46% or V, H34 = 19.78%).

Individual parent influence on the cone aroma is
presented in Tab. III. The highest average embodies the
posterity of Target variety (4.44 points). This variety
had conclusively higher cone aroma values than the
posterity of the varieties Yeoman (o = 0.05), Premiant
(0. = 0.05) and Magnum (o = 0.01) if t-test method was
used. Other conclusive difference of the cone aroma
differences was not detected within the posterity of the
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. Parential influence on sex ratio (%) of observed posterity

Target Magnum Yeoman Premiant X

Parents TE ? ?_: E’ 'E

2| B 2| % 2| % 2| % 2| %
82/6 60,5 | 342 53 66.7 | 333 - 80.0 | 20.0 - 742 | 258 - 706 | 279 1.5
86/4 81.1 18.9 - 838 | 16.2 - 83.8 | 16.2 649 | 35.1 - 784 | 216
87/3 72.0 28.0 - 543 45.7 - 515 48.5 - 46.9 53.1 - 55:2 44.8 -
Clone 72 67.7 | 29.0 - 722 | 212 - 64.3 | 357 - 773 | 227 - 70.1 | 29.1 0.8
X 71.0 | 27.0 20 | 69.0 | 31.0 - 68.2 | 318 = 648 | 352 - 69.0 | 30.4 0.6

Conclusive evidence of the differences (t-test method) formulated by the level of significance o
Yeoman - Clone 72 0.01 -
Magnum - - 82/6 0.01 - -
Target & - - 86/4 0.01 - =
Premiant Yeoman Magnum 87/3 Clone 72 82/6
II. Origin of posterity and evaluation of main agricultural traits (in points)

Issue Origin Cone odour Cone density o-bitter acid content
designation female x male = S % s v, Z s v,
H25 Target x 82/6 543 1.080 19.87 4.15 1.515 36.47 6.46 1.667 25.80
H26 Target x 86/4 4.27 1.041 24.39 3.22 1.396 43.32 522 1.766 33.83
H27 Target x 87/3 3.64 1.206 33.17 3.71 1.858 50.01 5.69 2.549 44.80
H28 Target x Clone 72 4.41 1.436 32,57 4.33 1.713 39.52 5.31 1.175 22.13
H29 Magnum x 82/6 3.83 1.167 30.45 3.78 1313 34.70 1.711 1.703 21.91
H30 Magnum x 86/4 3.45 1.242 36.01 393 1.143 29.05 8.42 1.939 23.03
H31 Magnum x 87/3 4.40 1.183 26.89 3.50 0.889 25.39 7.85 2.154 27.43
H32 Magnum x Clone 72 3.91 1.203 30.74 5.00 1.414 28.28 7.06 1.667 23.62
H33 Yeoman x 82/6 5.06 0.938 18.55 3.67 0.963 26.27 7.18 1.850 25.77
H34 Yeoman x 86/4 3.24 1.057 32.66 3.86 1.268 32.88 8.55 1.695 19.78
H35 Yeoman x 87/3 3.86 1.231 31.93 4.60 1.549 33.68 8.76 1.706 19.46
H36 Yeoman x Clone 72 473 0.884 18.67 3.86 1.027 26.63 5.69 1.831 32.18
H37 Premiant x 82/6 4.56 1.149 25.22 3.53 0.905 25.66 5.68 0.785 13.83
H38 Premiant x 86/4 3:79. 1.351 35.62 4.42 1.501 33.99 6.22 1.713 27.53
H39 Premiant x 87/3 3.60 1.075 29.86 4.82 1.401 29.08 5.58 1.134 20.32
H40 Premiant x Clone 72 4.46 1.391 31.19 4.73 1.280 27.04 5.37 1.285 23.92
Total 4.170 1.230 29.50 4.070 1414 3474 6.680 2.078 3111

x - arithmetical average; S — standard deviation; V, — variation coefficient (%)

observed varieties. Evaluation of male plant influence
on hop cone aroma is very discussible. As male plants
do not create hop cones, this trait is not detectable. The
male 82/6 posterity had the highest average of points
(4.72). This value is conclusively higher than in the
posterity of male variety Osvald’s clone 72 (o = 0.1),
87/3 (o0 = 0.01) and 86/4 (o = 0.01). The posterity of
male plants originated from of Osvald’s clone 72 em-
bodies higher hop aroma than posterity of 87/3
(oe=0.1) and 86/4 (0. = 0.01) genotypes. Posterity of

ROSTLINNA VYROBA, 45, 1999 (6): 245-249

the male plants 87/3 and 86/4 have inconclusively dif-
ferences.

Parent influence on the cone density is presented in
Tab. IV. The highest density of cones embodies the
variety Premiant posterity, but only posterity of the
variety Target had conclusively higher cone density.
Other conclusive of cone density differences was not
detected in the observed posterity of varieties. Posterity
of male plants originated from Osvald’s clone 72 em-
bodies higher cone density than the posterity of 87/3
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I1I. Average values of the cone aroma in the posterity according to the parents (Zatec, 1998)

Parents Target Magnum Yeoman Premiant X Order
82/6 5.43 3.83 5.06 4.56 4.72 1
86/4 4.27 3.45 324 3.79 3.69 4
87/3 3.64 4.40 3.86 3.60 3.88 3
Clone 72 4.41 3.91 4.73 4.46 4.38 2
x 4.44 3.90 4.22 4.10 4.17
Order 1 4 2 3
Conclusive evidence of the differences (r-test method) formulated by the level of significance o
Yeoman 0.05 Clone 72 0.1
Premiant 0.05 - 87/3 0.01 0.1
Magnum 0.01 - = 86/4 0.01 0.01 -
Target Yeoman Premiant 82/6 Clone 72 87/3
IV. Average values of the cone density in the posterity according to the parents (Zatec, 1998)
Parents Target Magnum Yeoman Premiant X Order
82/6 4.15 378 3.67 353 3.78 4
86/4 3.22 3.93 3.86 4.42 3.86 3
87/3 371 3.50 4.60 4.82 4.16 2
Clone 72 433 5.00 3.86 4.73 4.48 1
X 3.85 4.05 4.00 438 4.07
Order 4 2 3 |
Conclusive evidence of the differences (t-test method) formulated by the level of significance o
Magnum - 87/3 0.1
Yeoman - - 86/4 0.01 -
Target 0.1 - - 82/6 0.01 - -
Premiant Magnum Yeoman Clone 72 87/3 86/4
V. Average o-bitter acid content in the posterity according to the parents (Zatec, 1998)
Parents Target Magnum Yeoman Premiant X Order
82/6 6.46 177 7.18 5.68 6.83 3
86/4 5.22 8.42 8.55 6.22 7.18 2
87/3 5.69 7.85 8.76 5.58 7.22 1
Clone 72 5:31 7.06 5.69 5.37 6.05 4
¥ 5.66 7.78 7.71 5.86 6.68
Order 4 1 2 3
Conclusive evidence of the differences (-test method) formulated by the level of significance o
Yeoman - 86/4 =
Premiant 0.01 0.01 82/6 - -
Target 0.01 0.01 - Clone 72 0.01 0.01 0.01
Magnum Yeoman Premiant 87/3 86/4 82/6

(o = 0.1), 86/4 (0. = 0.01) and 82/6 (ot = 0.01) geno-

types. -

Individual parent influence on a-bitter acid content
is presented in Tab. V. The highest average shows pos-
terity of Magnum (7.78% CV) and Yeoman (7.71% CV)
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varieties which accordingly presents higher content than
posterity of Premiant (o0 = 0.01) and Target (o = 0.01)
varieties. Tab. V manifests that female plants expres-
sively influence o-bitter acid content. Posterity of Os-
vald’s clone 72 shows conclusively lower a-bitter acid

ROSTLINNA VYROBA, 45, 1999 (6): 245-249



VI. Conclusive evidence of the difference (r-test method) of a-bitter acid content formulated by the level of significance o (Zatec, 1998)

H35 (8.67 %) H35

H34 (8.55 %) - H34

H30 (8.42 %) - - H30

H31 (7.85 %) - - - H31

H29 (7.77 %) 0.1 - - - H29

H33 (7.18 %) 0.02 | 0.05 | 0.05 = = H33
H32 (7.05 %) 0.01 | 0.01 [ 0.01 | 0.1 0.1 -
H25 (6.46 %) 0.01 | 0.01 | 0.01 [ 0.05 | 0.02 -
H38 (6.22 %) 0.01 | 0.01 | 0.01 | 0.02 | 0.01 | 0.1
H27 (5.69 %) 0.01 | 0.01 [ 0.0 [ 0.05 [ 0.01 | 0.05
H36 (5.69 %) 0.01 | 0.01 [ 0.01 [ 0.01 [ 0.0 [ 0.02
H37 (5.68 %) 0.01 | 0.01 | 0.01 | 0.01 | 0.01 | 0.01
H39 (5.58 %) 0.0l | 0.01 | 0.01 | 0.01 | 0.01 | 0.05
H40 (5.37 %) 0.0l | 0.01 | 0.0 | 0.01 | 0.01 | 0.05
H28 (531 %) 0.01 | 0.01 | 0.01 | 0.0l | 0.01 | 0.0l
H26 (5.22 %) 0.01 | 0.01 | 0.01 [ 0.01 | 0.01 | 0.01

H32
- H25
0.1 - H38
0.05 - - H27
0.01 - - - H36
0.01 | 0.1 - = - H37
0.02 | 0.1 - - - = H39
0.05 - - - - - = H40
0.01 | 0.02 | 0.05 - - = = = H28
0.01 | 0.02 | 0.05 - - - = = 7

Content of a-bitter acids is presented in the parenthesis

content (o = 0.01) than other male plant posterity. It
confirms that Zatec semi-early red bine hop is a bearer
of aromatic traits and does not transfer high content of
hop resins on its posterity. The conclusiveness of o-bit-
ter acid content in each posterity was evaluated by t-test
method. The results with the level of significance are
presented in Tab. VL.

On the basis of the obtained results it is possible to
evaluate testing parents. The varieties Magnum and
Yeoman can be used in the breeding process concern-
ing high o-bitter acid content. Target variety will be
used in the process of aromatic hop breeding. Premiant
variety will be suitable for breeding program concern-
ing reaching higher yield of hops. The male plants 82/6,
86/4 and 87/3 can be utilized in a breeding process on
high o-bitter acid content. As male plant 87/3 had in
its posterity high ratio of male plants this variety would
be probably eliminated in another breeding program.
The male plant of Osvald’s clone 72 will be used not
only for aromatic hop breeding process but for higher
yield breeding process as well.

From the obtained results it is possible to conclude
that it is necessary to test both parent components for

breeding work in the process of hop hybridization. At
the end of the test process these parents will be selected
which will have the best combination ability and also
guarantee for good breeding results.
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RECENZE

ZEMEDELSKY VYZKUM
0. Chloupek

Praha, Academia 1996. 188 s.

Autor této zdarilé vysokoskolské ucebnice je uspés-
nym §lechtitelem vojtésky a profesorem Mendelovy ze-
m&délské a lesnické univerzity v Brné, kde prednasi
v oborech §lechténi rostlin a zemédélského vyzkumu.
Je to jiZ jeho druhd kniha, koncipovana s erudici a zku-
Senosti vysokoZkolského pedagoga a védce, ktera cerpa
téZ z literatury zahranicnich univerzitnich knihoven.

Po dvodnim slové ndsleduje druha kapitola s fadou
historickych Gdaji o vyvoji vzdélavani a védy a filozo-
fickych nazorech a jejich predstavitelich. Je tak z po-
hledu moderniho filozofického pojeti pravdy (podle
Poppera je pravda viechno to, co dosud nebylo vyvra-
ceno) zdivodnéna teorie nulové hypotézy v experimen-
talnim pokusnictvi.

Treti kapitola je vénovana statistickym tdajim o své-
tovém, evropském a naSem zemé&délstvi, spole¢né ze-
médélské politice, resp. pripravé CR na za€lenéni do
EU, o zivotnim prostiedi v Evropé a perspektivich
svétového zemédélstvi. Ve Ctvrté kapitole je zdurazné-
na ekonomicka vyhodnost vzdélavani a vyzkumu, jsou
zde uvedeny zdroje podpory vyzkumné Cinnosti pro-
stfednictvim naSich grantovych agentur i EU. Je zde téz
pojednano o strategii tvorby vyzkumnych programi, aka-
demickych a védeckych institucich, resp. zemédélskych
vyzkumnych tstavech, které jsou zakladem védecké Cin-
nosti a vzdélavani. Kapitola je obohacena o seznam Ces-
kych vysokych 8kol, sestaveny podle historie jejich vzni-
ku, a o seznam vyznamnych zemédélskych odborniku.

V dalsi kapitole se 1ze dozvédét, jak ziskavat potieb-
né informace: od studia puvodni védecké literatury
v knihovnach, pfes reSerSe, informacni instituce nase
a zahrani¢ni aZ po elektronickd média. Nechybi zde
seznam nejvyznamnéjsich védeckych Casopisu, ktery je
nepostradatelny zejména pro zacinajici badatele.

250

StéZejni sedma kapitola je vénovana pokusnictvi, je-
ho zékladtim, historii, modeliim polnich pokust, jejich
uspofadéani a hodnoceni béhem vegetace. Ve druhé asti
kapitoly najdou pouceni ti, ktefi si nevédi rady s biomet-
rickym hodnocenim pokusu. Jsou zde popsany zdklady
biometrického hodnoceni a také velmi potfebné modely
analyzy variance pro ruzné designy pokust i s praktic-
kymi piiklady. Je probrdna i analyza kovariance jako
zpfesnénd analyza variance a korela¢ni a regresni analy-
za. Na konci kapitoly je pojednano o matematickém mo-
delovéni a expertnich systémech. Pochopeni podstaty
matematické analyzy je podle autora nezbytnym pied-
pokladem k zasvécené interpretaci vysledku ziskanych
pocitacovym zpracovanim.

Posledni dvé kapitoly obsahuji uZite¢né a praktické
pokyny k pisemnym a verbdlnim prezentacim vysledki
védecké prace. Jsou navodem pro prezentaci autora
v podobé zaveérecné zpravy, diplomové ¢i dizertacni
prace, habilitacniho spisu, védeckych publikaci a po-
steru. Nalézame zde informace o autorskych pravech,
zdkladech dialogu a rétoriky.

Kniha je vybavena velmi uzitecnym slovnikem od-
bornych vyrazi a anglickym souhrnem. Na konci kazdé
kapitoly je uveden seznam literatury, z niZ autor &erpal.

Autor pfi psani vysokoSkolské uéebnice vychazel
z potfeby sdélit touto formou informace dulezité pro
Sirokou studentskou i odbornou vetejnost. Publikace
tak vyplnila mezeru v této oblasti védecké literatury
a jako bohaty zdroj potfebnych informaci se stala vy-
hledavanou pomickou nejen pro studenty, doktorandy
a ucCitele ze zemédélskych i jinych univerzit, ale také
pro pracovniky rezortnich vyzkumnych dstavu.

Doc. Ing. Jaroslava Ehrenbergerovd, CSe.
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THE EFFICIENCY OF VIRUS-FREE SAAZ SEMI-EARLY
RED-BINE HOP

VYKONNOST OZDRAVENEHO ZATECKEHO POLORANEHO
CERVENAKU

V. Nesvadba, K. Krofta, P. Svoboda

Hop Research Institute Co., Ltd., Zatec, Czech Republic

ABSTRACT: Virus-free form of Saaz semi-early red-bine hop has been growing in the Czech Republic for eight years.
Virus-free and standard forms were evaluated under common agricultural conditions at four localities in the period 1992 to
1998. In this period investigated virus-free Saaz semi-early red-bine hop has higher yield by 28.1% and higher content of
o-bitter acids compared to the standard form. Ascending shape of trend function corresponds to gradual increase of yield in
the first years of planting. As a result of more intensive growth, virus-free form gives higher yield in the first season by 65.7 and
50% in the second season, compared to the standard form. After this period the yield difference decresased to 20 to 30%.
This difference is supposed to be held in the future. Content of a-bitter acids for both forms does not correlate with the age
of plants. Up to the present time no reinfection of virus-free form has been determined.

Keywords: hop Humulus lupulus L.; virus-free Saaz semi-early red-bine hop; yield; a-bitter acids content; reinfection

ABSTRAKT: Byla sledovina vykonnost ozdraveného Zateckého poloraného &erveiidku. V provoznich podminkdch Chme-
lafského institutu v Zatci byly na &tyfech stanovistich v letech 1992 az 1998 spole¢n& hodnoceny ob& jeho formy. Ozdravena
forma vykazala vy33i vynos chmele o 28,1 % i vy33i obsah a-hofkych kyselin o 48,0 % za sledované obdobi neZ tradi¢ni
forma. Stoupajici tvar trendové funkce odpovida postupnému zvySovani vynosu chmele v prvnich dvou letech po vysadbé.
V disledku intenzivnéjsiho ristu méla ozdravena forma vyssi vynos chmele v prvnim roce po vysadbé o 65,7 % a ve druhém
roce 0 50,0 % neZ tradi¢ni forma. Po tomto obdobi se rozdil vynosu chmele sniZil na 20 aZ 30 %. Vétsi vykonnost ozdravené
formy lze pfedpokladat i v dalSich letech. Obsah a-horkych kyselin u obou forem neni v korelaci se stafim rostlin. Do
sou¢asné doby nebyla zji§téna reinfekce ozdravené formy.

Kli¢ov4 slova: chmel Humulus lupulus L.; ozdraveny Zatecky polorany Cerveiidk; vynos; obsah a-hotkych kyselin; reinfekce

INTRODUCTION

The efficiency of standard Saaz semi-early red-bine
hop has been stabilized at the level of 1 tha! of yield
and 3.0 to 4.5% w/w of o-bitter acids in the recent
years. Substantial improvement of these parameters
brought the introduction of virus-free form at the be-
ginning of the 90s (Fric, 1998). Virus-free hops are
grown at the area of 1,200 ha (Linhart, 1999) which
represents 22% of total hop gardens area. These hops
were followed for seven years. Experimental results
enable to determine efficiency in agricultural practice,
dependence on outside factors and trends in the future.
The results published up to the present time (Fric, 1998;
Krofta et al., 1998) confirmed significant increase of ef-
ficiency.

Chemical analyses of o-bitter acids and hop oils
proved that virus-free hop hold typical genetic features
of traditional Saaz semi-early red-bine hops (Krofta,
Kroupa, 1995). Virus-free hops is expected to keep not
only high efficiency but ability to preserve it in various
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environmental conditions as well (UZik, 1995). The in-
fluence of the age of plants as a decisive factor on yield
and o-bitter acids content was not unambiguously
proved (Nesvadba et al., 1998). External conditions,
mainly the water regime of soil, have great impacts on
the performance of the studied plant material (Wittlin-
gerovd, Kiiz, 1998). Good state of health is necessary
for attainment of full efficiency potential. Hop as a per-
ennial plant, vegetatively propagated, is prone to
spreading of virus diseases. The most extended are car-
laviruses, ilarviruses and nepoviruses (Svoboda, 1993).

MATERIAL AND METHODS

The parameters of virus-free hops were followed at
two localities in Saaz-growing area (Steknik, Holedec)
and two localities in U$ték hop-growing area (Brozany,
Védomice). Standard Saaz semi-early red-bine (Saaz)
hops was planted simultaneously in all places. The area
of each hop garden is one hectare minimum, spacing
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300 x 100 cm without repetition. The same agronomi-
cal technology, nutrition and pest control were applied
in all places. The yield and o-bitter acid content were
determined in all experimental plots. Content of o-bit-
ter acids was determined by HPLC method (EBC 7.7),
expressed in % w/w and based on dry matter. Statistical
evaluation of experimental results was performed with
the help of statistical programme Adstat 2.0 (TriloByte,
Pardubice, Czech Republic). Variability of results is
characterized by standard deviation (S), coefficient of
variance (V}) and pair t-test. The stability and trend of
efficiency as a function of time is evaluated by corre-
lation coefficient and with the help of linear and quad-
ratic function (Meloun, Militky, 1994).

The evaluation of state of health of virus-free hop
plants at selected localities was performed visually and by
immunoenzymatic method ELISA (Clark, Adams, 1977).

RESULTS AND DISCUSSION

Yield

The yield of virus-free and standard Saaz hops in the
period 1992 to 1998 at all experimental localities is
summarized in Tab. I. Virus-free hops gives higher
yield by 28.1% compared to standard one. Growth of

1. Comparison of hop yield (tha™) in standard and virus-free form
of Saaz semi-early red-bine hop (Brozany, Védomice, Holedec,
Steknik, 1992 to 1998)

Year Standard Virus-free Index
1992 0.35 0.58 1.657
1993 0.82 1.23 1.500
1994 0.99 1.18 1.192
1995 1.11 1.51 1.373
1996 1:33 1.71 1.286
1997 1.10 1.38 1.255
1998 1.04 1.22 1.173
X 0.96 1.22 1.281
S 0.310 0.354

Vi 32.28 28.10

virus-free plants is much more vigorous in the first two
years after planting and therefore the yield is signifi-
cantly higher (65.7% and 50.0%, resp.) in compari-
son with standard Saaz hops. The yield difference in
the subsequent crops is much lower, 37.3% in the year
1995 and 17.3% in 1998. Yield variability expressed by
coefficient of variance V) is lower for virus-free form
(Vy, = 28.1%) compared to standard form (V; = 32.3%).
The yield difference between virus-free and standard
Saaz hop expressed like index virus-free/standard (VF/S)
in time period 1992 to 1998 is depicted in Fig. 1. Stan-
dard Saaz hop reaches full yield performance in the
third year after planting at the level of 1.0 to 1.2 t.ha™.
Similarly virus-free form reaches full yield in the sec-
ond year after planting at the level of 1.2 to 1.5 tha™l.
Pair t-test proved the yield difference to be statistical
conclusive.

The evaluation of influence of plants age on the
yield is performed with the help of regression and cor-
relation analysis. The best fit has quadratic function,
correlation coefficient for standard Saaz hop r = 0.98,
for virus-free = 0.94. Both forms of Saaz hop have
the same curve of quadratic function. The course of
quadratic function for yield of standard Saaz hop in the
period 1992 to 1998 is in Fig. 2. This course shows that
yield gradually increases in the first years of planting,
reached level is held for minimum 15 years (Rybacek,
1980) with the year to year fluctuations. Virus-free
Saaz hops (Fig. 3) has the same course in comparable
conditions. Maximum yield level is reached in the sec-
ond year after planting. Seven years observation does
not allow to determine yield stability in the next sea-
sons with sufficient reliability. The course of both
quadratic curves was strongly influenced by point cor-
responding to 1996 and 1998 scasons. Favourable
weather conditions reflected in good crop in the year
1996, on the other hand, adverse conditions in 1998
caused very low yield.

Content of o-bitter acids

Similarly to yield, content of o-bitter acids was de-
termined each year at all localities (Steknik, Holedec,
Brozany, Védomice) for virus-free and standard Saaz

1. Comparison of hop yield (t.ha 'Y in stan-
dard and virus-free form of Saaz semi-
carly red-bine hop

3 standard form
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& virus-free form
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2. Quadratic function for the hop yield (standard form, 1992 to 1998)

3. Quadratic function for the hop yield (virus-free form, 1992 to 1998)

4. Comparison of o-bitter acid content (%)

in standard and virus-free form of Saaz
semi-early red-bine hop

3 standard form
virus-free form

II. Comparison of a-bitter acid content (%) in standard and virus-
-free form of Saaz semi-early red-bine hop (Brozany, Védomice,
Holede¢, Steknik, 1992 to 1998)

Year Standard Virus-free Index
1992 3.6 55 1.528
1993 4.0 . 59 1.475
1994 23 4.0 1.739
1995 3.8 59 1.553
1996 4.8 6.7 1.396
1997 43 59 1.372
1998 3.2 4.5 1.406
¥ 3.71 5.49 1.480
S 0.805 0.928

Vi 21.67 16.92

hops in the period 1992 to 1998. The results are sum-
marized in Tab. II. Virus-free hops gives higher o-bit-
ter acid content by 48.0% compared to standard one.
Index o (virus-free/control) that reflects the difference
in o-bitter acid content between virus-free and standard
form reached maximum in 1994 (73.9%). This season
was characterized by high summer temperatures that
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adversely influenced the biosynthesis of hop o-bitter
acids. Virus-free hops have lower year to year variabil-
ity (V;, = 16.9%) than standard form (V, = 21.7%) and
hold their potential up to date (Fig. 4). The difference
in o-bitter acids content is influenced neither by age of
plants, nor by weather conditions. Pair ¢-test proved the
o-bitter acid content to be statistically conclusive com-
pared to standard Saaz hop (o = 0.01). Seven years
time succession proved ascending trend of linear and
quadratic regression function. Low correlation coeffi-
cient (r < 0.27) means that there is no correlation bet-
ween o-bitter acid content and age of plants.

The evaluation of differences between standard and
virus-free hops

Indices VF/S were used for evaluation of higher ef-
ficiency stability and for estimation of trend in the fu-
ture. Quadratic function is best to fit this relationship
at four localities (Steknik, Holede¢, Brozany, Védomice)
after seven years of planting (Fig. 5). The value of
correlation coefficient » = 0.9 reflects close relationship
of yield index on age of plants.
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5. Quadratic function of index VF/S of the hop yield (1992 to 1998)

More vigorous growth of virus-free hops in the first
two years of planting is evident. Standard hops increase
their yield level considerably slowly. The course of
quadratic curve shows that the yield of virus-free hops
will be higher by 20 to 30% compared to standard hops
in the next years.

The indices of o-bitter acid content shows slight
decline, but correlation coefficients for linear and quad-
ratic function are not statistically significant.

Reinfection od virus-free hops

All plants evaluated were healthy without observ-
able symptoms of virus infection. The control of state
of health is made every year for occurrence of ApMV
using ELISA test. No occurrence of ApMV has been
detected in taken samples. Virus-free hop, planted in
the year 1991, preserve virus-free stage under condi-
tions of natural infection pressure and common agro-
nomical technology. These hop gardens are continu-
ously thoroughly supervised.

CONCLUSION

On the basis of yield evaluation it can be stated that
virus-free hops give higher yield by 28.1% compared
to standard hops in the period 1992 to 1998. Virus-free
form reaches full yield performance in the second year

of planting, it is one year faster than standard one.
Owing to more vigorous growth virus-free hop gives
higher yield by 65.7 and 50.0%, resp. in the first two
years of growing, in the next seasons by 20 to 30%. It
can be supposed that this yield difference will be pre-
served in the next years.

Content of o-bitter acids in virus-free hops is higher
by 48.0% compared to standard hops in the period 1992
to 1998. The influence of age of plants on c-bitter acid
content did not prove to be statistically significant.
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HARMFULNESS OF MIRID BUGS (HETEROPTERA,
MIRIDAE) ON HOP PLANTS

SKODLIVOST PLOSTIC (HETEROPTERA, MIRIDAE) NA CHMELU

J. Sedivy', V. Fric?

'Research Institute of Crop Production, Praha-Ruzyné, Czech Republic
2Hop Research Institute Co., Ltd., Zatec, Czech Republic

ABSTRACT: Mirid bugs in a high density were registered in some hop-yards in Czech Republic in 1998. Harmful occurrence
is usual in the years with higher temperature and length of sunshine connected with lower precipitation in the period from
October to May. Mirid bugs cause the damage to hop veins, leaves and inflorescence. Vegetative cones are the organs which
are the most sensitive to mirid bugs. The symptoms of the damage are as follows: distortion, wilting and top drying. The
most common species inside those hop-yards and in their nearest vicinity are the polyphagous ones: Lygus kalmi, Lygus
rugulipennis, Lygocoris lucorum, Liocoris tripustulatus, Calocoris fulvomaculatus and Calocoris norvegicus. The yield of
hop cones obtained from damaged plants was lower by 50.1% in the average per one hop plant in the comparison with
undamaged plants.

Keywords: hop plants; Miridae; outbreak; injury; damage

ABSTRAKT: V roce 1998 se v CR lokdlné pfemnoZily ploStice na chmelu. Ke $kodlivym vyskytim dochazi opakované
v dlouholetych cyklech, vzdy v letech s nadprimérnymi teplotami a délkou slune¢niho svitu a s podprimérnymi destovymi
srazkami v mésicich fijen aZ kvéten. Plostice poskozuji révu chmele, listy a kvéty. Nejvyssi ztrty zplsobuje sani plostic na
vegetacnich vrcholech, které se nasledné krouti, vadnou a usychaji. Nejhojnéjsi druhy plostic zjisténé ve chmelnicich a v jejich
bezprostfednim sousedstvi byly polyfagni druhy Lygus kalmi, Lygus rugulipennis, Lygocoris lucorum, Liocoris tripustulatus,
Calocoris fulvomaculatus a Calocoris norvegicus. Na poskozenych rostlinach bylo pfi sklizni zjisténo 50,1% sniZeni hmot-
nosti hldvek na rostlinu.

Kli¢ova slova: chmel; Miridae; pfemnoZeni; poSkozeni; ztraty

INTRODUCTION

Mirid bugs are pests, whose outbreak is typical on
hop in long-time cycles. Their gradations from Czech
Republic hop regions were reported from the years
1875, 1927 to 1929, 1947 to 1948 and 1998. Outbreaks
are short-dated, usually with two-year period of culmi-
nation. Blattny, Osvald (1950) and Blattny et al. (1950)
say that years with mild winter and warm spring are
suitable for outbreak of mirid bugs.

The spectrum of bugs is variable during the time.
Calocoris fulvomaculatus (Deg.) was a dominant spe-
cies in 1875 and later in the period from 1927 till 1929.
This species used to be very common in the time when
hop was grown on poles, where females would deposit
their eggs. Blattny et al. (1950) found during the time
of gradation eleven species of phytophagous mirid bugs
in the years 1947 and 1948, which could injure hop
plants. Data concerning damage caused by some spe-
cies are unfortunately controversial or wrong. Symptoms
of hop injury are very different and their determination
for the individual species was not carried out. Econo-
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mic damage is caused by those species which make
leaves to accumulate on the vegetative cone or cause
vein swelling and distortion connected with the follow-
ing vegetative cone wilting and drying. The above-
mentioned injury can be seen on hop plants after hop
training till the time when plants are 2.5 m high. Clus-
tered and overhanging laterals without blossoms and
cones are usual after a vegetative cone drying. Outbreak
in 1998 was local and unexpected. It occurred in the
districts of Louny and Rakovnik. Unfortunately, the
damage was registered only in the time when drying
vegetative cones were obvious. The objective of this
work was to determine species of mirid bugs sampled
within hop-yards and their nearest vicinity with the
help of monitoring and to evaluate the loss of yield on
injured hop plants.

MATERIAL AND METHODS

Data on temperature, length of sunshine and precipi-
tation have their origin in Czech Hydro-meteorological
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1. Population density of mirid bugs in hop-yards and their vicinity (3 x 25 sweeps, 3 x 25 hop plant shaking)

Locality
Species Tieboc Pochvilov
date
24.5 11. 6. 4.7. 19. 8 24. 5. 1.6 4.7 19. 8.

Liocoris tripustulatus 3 5 1 14 | 7 3 19
Lygocoris lucorum 27 42 12 33 41 59 20 61
Lygus kalmi 9 17 3 = = 7 | 2
Lygus rugulipennis 32 107 6 34 11 79 3 37
Calocoris fulvomaculatus - 2 - | - 3 | 4
Culocoris norvegicus - 2 4 8 - 6 5 12

Institute in Usti nad Labem and meteorological station
at the Hop Research Institute in Zatec, resp.

Since May till August 1998 population density of
mirid bugs within 37 hop-yards in the districts of
Kladno, Litoméfice, Louny and Rakovnik was moni-
tored. The insect was sampled not only from hop plants
but from weeds and plants in the nearest vicinity (3 m
from the edge of a hop-yard) as well. Bugs were sam-
pled by sweeping and shaking methods. Canvas, the
size of which was 1 m?, was used for this purpose. In
each hop-yard 3 x 25 sweeps were done together with
3 x 20 hop plants shaking.

Damage caused by mirid bugs was determined in
a hop-yard, where 40 to 50% of hop plants were in-
jured by this insect. Forty injured and forty non-injured
control plants had been evaluated. In all the cases hop
wires with two veins were included into the trial. The
harvest of hop cones was carried out with the help of
a special harvest machine, where it is possible to evalu-
ate each vein individually.

RESULTS

If we compare meteorological data from the periods
1946 to 1948 and 1997 to 1998, resp., it can be con-

1. Female of the species Lygus rugulipennis Popp.
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cluded that years with outbreaks of mirid bugs are typi-
cal of higher temperature and longer length of sunshine
in the period from October to May together with lower
precipitation in relation to long-term average values.
Hop-yards exposed to intensive sunshine and sheltered
from wind in the neighbouring of pine and spruce
woods were strongest infested with mirid bugs in 1998.
Fourteen species of mirid bugs were determined in such
localities and their closest vicinity. Only six species of
them appear to be economically important. Three of
these species hibernate as an adult (Liocoris tripustula-
tus F., Lygus kalmi L. and Lygus rugulipennis Popp. —
Fig. 1) and the other three as an egg (Lygocoris lu-
corum Mey, Calocoris fulvomaculatus Deg. and Calo-
coris norvegicus Gmel.). The species hibernating as
imagoes seem to cause damage to hop plants in early
spring and the ones hibernating in the stage of an egg
appear to injure hop later, in the second half of May,
when adults of the first generation can be seen. Most
of these species are polyphagous living on herbs, more
seldom on trees and bushes. Two species were domi-
nant and four accessory during the observation. Popu-
lation density of mirid bugs was the highest in two
hop-yards, in Pochvélov (damage was distinct in 20%
plants) and Treboc (50%) as we can see in Tab. I
Nymphs and imagoes of Lygocoris lucorum were the
most numerous in the end of May and during summer
time if a shaking method was used. Occurrence of other
species was very variable. After application of imi-
dacloprid (Confidor 70 WG) against damson-hop aphid
(Phorodon humuli Schrank) at the beginning of July,
most of mirid bugs could have been observed tempo-
rarily on plants in the neighbourhood of hop-yards. .
Hop plant injuries, which could be observed as dis-
tortion and drying of vegetative cones, were caused by
mirid bugs in two terms (Fig. 2). Plant heights of 0.8 to
1.0 m (n = 23) and 1.8 to 2.0 m (n = 27), resp., were
the most common, where the symptoms of dead tops
could be seen. Statistically important difference in the
weight of hop cones between injured and non-injured
plants was determined during their harvest (August 28).
Average weight of hop cones per one injured plant was
X £ 0.408 kg, while weight of cones in the case of
non-injured plants was higher by 50.3% (x + 0.815 kg).
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2a. Injured vegetative cone on
a hop plant high | m

2b. Injury of higher plants

The lack of the yield was caused by sterility of dam-
aged plant parts or their laterals.

DISCUSSION

Mirid bugs cause a injury to hop plants sporadically
every year. Economically important damage is moni-
tored only in the years with higher temperature, longer
sunshine and lower precipitation since autumn till
spring. We are still missing experimental evidence for
evaluation of economic importance of the individual
species of mirid bugs. The data stated by Blattny, Os-
vald (1950) and Blattny et al. (1950) are only slightly
concrete and in some cases wrong, e.g. species of Orius
genus are predators and not phytophagous mirid bugs.

We can suppose that not all the phytophagous species
sampled in hop-yards cause economic damage to hop
plants, which can be seen as a top drying. Injuries of
leaf tissues and symptoms monitored as distortion and
sterility of hop veins and inflorescence drying up are
less economically important. On the basis of monitor-
ing from 1998, it can be concluded that two or three
species cause injury of vegetative cones. Steward
(1969) and Wagner (1952) report that a part of these
species is common on hop plants only temporarily
without larval development coming true. Developmen-
tal stages were on hop plants in 1998 recorded only in
the case of the Lygocoris lucorum species.
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EFFECT OF DIFFERENT AGROECOLOGICAL FACTORS
ON YIELD AND QUALITY OF PEPPERMINT

VLIV RUZNYCH AGROEKOLOGICKYCH FAKTORU NA VYNOS
A KVALITU MATY PEPRNE

S. Maksimovic’l, J. Kiégeciz, M. Jakovljevic’3 , S. Drazi¢!

nstitute for Medicinal Plant Research Dr. Josif Pancic, Belgrade, Yugoslavia

Federal Ministry of Agriculture, Department of Genetic Resources, Plant Protection and
Veterinary, Belgrade, Yugoslavia

3Universiry of Belgrade, Faculty of Agriculture, Belgrade, Yugoslavia

ABSTRACT: The present study shows the results of field plot experiments with peppermint (Mentha piperita L.) carried out
in four different locations with different climate in hilly-mountainous and lowland regions. Filed experiments were performed
on soils differing in their pedological and agrochemical properties. Obtained yields varied more significantly in dependence
on soil quality and climate than in qualitative traits (essential oil content, contents of macro- and microelements in plant
tissues).

Keywords: peppermint; yield and quality; agroecological factors; field experiments; essential oil; macro- and microelements
ABSTRAKT: Jsou uvedeny vysledky polnich maloparcelkovych pokusi s métou peprnou (Mentha piperita L.) ze Ctyt

rozdilnych lokalit s riznym podnebim v kopcovité-hornatych a niZinnych oblastech. Polni pokusy probéhly na ptdach s riiz-
nymi pedologickymi a agrochemickymi vlastnostmi. Ziskané vysledky se 1i§i vyznamnéji v zavislosti na kvalité pidy a typu

podnebi nez v ramci kvalitativnich znaki (obsah silic, obsah makro- a mikroelementi v rostlinnych pletivech).

Klicova slova: mata peprnd; vynos a kvalita; agroekologické faktory; polni pokusy; silice; makro- a mikroelementy

INTRODUCTION

Scientific associates within different fields pay a great
attention to peppermint. This is quite understandable,
as this plant is a medicinal species of a broad scope of
application in pharmaceutical, cosmetic and alimentary
industries, industry of alcohols and some related indu-
stries.

The interest in peppermint at the end of this century
is still rising, as requirements for this irreplaceable raw
material are permanently increasing in pharmaceutical
industry. In recent times, the modern pharmaceutical
industry has been mainly searching for and finding nec-
essary raw materials in medicinal and aromatic plants.
Therefore, requirements for peppermint plantations
have been increasing. Based on the stated above, it is
necessary to pay full attention to peppermint growing
practices.

Besides permanent improvement of peppermint ge-
netic potential from the aspect of yield increase, it is
necessary to work on deal with qualitative aspects of
obtained yield (Hornok, 1990).

Essential attention has to be paid to soil as a base —
the choice of a qualitative soil is a proper decision for
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acquiring planned yield of high quality. Pedological
and agrochemical soil properties, as well as a genotype,
affect the mineral element content of peppermint grown
under different agroecological conditions (Adamovié,
1998).

MATERIAL AND METHODS

Field plots were set up on different types of soils in
various climatic regions in order to determine effects
of different agroecological conditions on yield and
quality of peppermint.

Experiments were performed in two locations
(Pancevo and Stara Pazova) of the lowland region and
two locations (Kucevo and Pirot) of the hilly-mountain-
ous region. Peppermint was grown in a randomised
complete block design experiments in 1995. The ex-
perimental plot size amounted to 26 m>.

Soils belong to the following types: chernozem in
Stara Pazova (Drazi¢ et al., 1998), marshy black soil in
Pancevo, acid brown soil in Kucevo and anthropic
(skeletoid) soil in Pirot. In the autumn of 1994, the
peppermint crop was developed by stolon transplanting
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at the inter-row distance of 70 cm. A total amount of
NPK mineral fertilisers (15 : 15 : 15) of 300 kg.ha‘l
was applied in common rate. Spring top-dressin% of
peppermint crop was done with 200 kg KAN.ha™ in
1995.

The common cropping practices were applied during
experiments and the first harvest was done from the end
of June up to mid July up to the third decade of Sep-
tember up to the end of the first decade of October in
1995.

Sampling for determination of peppermint qualita-
tive traits was done after harvest and natural drying of
the plant material.

Prior to setting up trials, soil sampling for agro-
chemical analyses was done. Soil samples were ana-
lysed by the standard chemical methods (Manual of
Soil Analyses, Yugoslav Society of Soil Science).

Complete agrochemical soil analyses were done for
the content of all macro- and microelements (total and
available content).

Samples of the plant material were used for deter-
mination of the essential oil content and the content of
macro- and microelements. From macroelements N, P,
K, Ca and Mg, and from microelements Fe, Mn, Zn,
Cu, B, Co, Cr, Pb, Ni, Cd, As, Hg and Se were deter-
mined. Microelements were analysed by the method of
atomic adsorption in soil samples after digestion with

concentrated HNO5 with the addition of H,O; and in
plant samples after digestion with acids HNO5 and
HCIOy4.

RESULTS AND DISCUSSION

Weather conditions, especially mean monthly tem-
peratures during the growing season (April to Septem-
ber), were quite uniform in all locations. Therefore,
their effects on variability of yield and quality could
not be significant. Total precipitation during this period
did not significantly depart from the long-term average.
The exception was a certain precipitation deficit re-
corded in Stara Pazova in June (98 l.m“z). Moreover,
precipitation deficit was recorded in PanCevo during
August, but considering amounts of 167 L.m™2 recorded
in June, this deficit did not significantly affect peppermint
yield (Tab. I). However, it could affect soil moisture ac-
cumulation, as water-retaining power of the marshy
black soil is high. It can be said that abundant Septem-
ber precipitation in all locations resulted in a relatively
favourable sum of vegetation precipitation, but in rela-
tion to the water relationship in plants, these amounts
of precipitation could not affect unfavourable condi-
tions of water supply during a greater part of the grow-
ing season.

I. Mean monthly temperatures (°C) and sums of precipitation (mm) in 1995

R Temperatures (°C) Precipitation (mm)
Kuéevo Priot Pancevo Stara Pazova Kucevo Priot Pancevo Stara Pazova
1. -13 -1.4 -0.7 -0.8 76 61 43 67
2. 6.5 55 71 6.6 32 40 23 25
3. 6.2 5.7 6.7 6.1 28 35 24 47
4, 10.7 9.6 11.6 11.7 58 40 49 65
5 15.1 14.1 158 16.4 56 44 38 92
6. 19.7 18.4 19.3 20.0 121 114 167 98
7. 23.1 20.8 234 243 46 40 43 49
8. 21.1 19.2 20.8 213 52 83 16 61
9. 16.2 15.5 16.3 16.1 69 58 78 75
10. 12.1 10.7 12.8 12.6 6 5 1 1
11 2.7 3.1 3.7 3.4 39 76 27 41
12. 2.1 2.6 1.7 1.8 92 79 74 58
II. Principal agrochemical properties of soil
Available P and K
Samples pH CaCO, humus N C:N P,0; K,0
water KCl1 o %o To mg/100 g
Kucevo 5.00 4.10 0.0 223 0.141 92 1 12.4 224
Pirot 8.35 7.20 11.2 1.55 0.090 10.0: 1 52 14.2
Panéevo 7.80 6.70 0.2 3.96 0.224 102: 1 96.0 314
Stara Pazova 8.20 7.30 8.4 3.33 0.188 103 :1 18.0 10.6
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III. Available N, Ca, Mg and K in tested soils

Available N (ppm) Available base cations
Samples Ca Mg K Ca: Mg ] K : Mg
NHj} NO3 sum mg/100 g meq.
Kugevo 56.0 7.0 63.0 517 22 21 143 :1 03:1
Pirot 10.5 1.7 12.2 2030 26 18 483 : 1 02:1
Pancevo 12.2 3.5 15.7 657 40 36 89:1 021
Stara Pazova 6.3 3.5 9.8 2 030 35 14 350:1 01 &1
IV. Total content of microelements in tested soils (ppm)
Samples Mn Zn Cu Co Cr Pb Ni Cd As Hg Se
Kucevo 932 50 13 17 22 25 24 0.4 4.6 0.063 0.135
Pirot 448 56 26 14 26 19 20 0.6 11.9 0.024 0.095
Pancevo 806 78 29 17 34 24 42 0.4 5.4 0.065 0.200
Stara Pazova 466 44 17 13 29 18 27 0.6 4.5 0.034 0.155
V. Content of available microelements in tested soils (ppm)
S B | Fe | Mn [ zo [ cu [ co [ o [ po | N | ca | as | He
H,0 DPTA

Kuéevo 1.36 79.0 60.0 1.4 1.5 0.4 0.01 2.7 1.4 0.10 - 0.002
Pirot 0.50 8.4 6.7 0.5 1.3 0.2 0.01 1.1 0.2 0.04 - 0.001
Pancevo 2.70 13.6 22.8 0.8 1.5 0.1 0.01 1.6 1.2 0.08 = 0.001
Stara Pazova 0.62 5 6.3 2.1 0.6 0.1 0.01 1.0 0.2 0.06 - 0.002

Field plot experiments were performed on soils dif-
fering in their chemical properties. Hence, the soil in
Kucevo had extreme acid reaction, while remaining
three types of soils had slight to medium alkaline reac-
tion (Tab. II). Soils, also differed in contents of carbon-
ate, humus, N, P and K.

According to results presented in Tabs II, III and IV,
soils in Pancevo and Stara Pazova are quite fertile.
Although extremely acid, soil in Kuéevo is medium
fertile, while fertility of soil in Pirot is low, especially
in relation to the content of humus, N and certain micro-
elements.

Beside useful microelements, Tabs IV and V present
available amounts and total contents of certain heavy
metals (Cr, Pb, Ni, Cd, As and Hg). Based on presented
results, all tested soils have a low level of heavy metals.
This level classifies them into a group of natural, un-
polluted soils suitable for production of medicinal plants.

The content of total selenium (Se), as a particularly
useful element, was determined in the analysed soils.
The obtained values under 0.2 ppm indicate a great
deficit of Se in these soils. However, deficit of this
element is characteristic for the majority of arable lands
in Serbia (Maksimovi¢ et al., 1992; Jakovljevi¢, 1995).
This points out to the need for the application of fertil-
iser enriched by this element. In such a way, the Se
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content in plants could be increased up to the optimal
level. This would result in better quality of medicinal
plants including peppermint.

Obtained peppermint yields significantly differed over
locations (Tab. VI). The highest yield (5.211 kg.ha’l) of
dried herbs was recorded in Stara Pazova, while the cor-
responding value in Pirot amounted to only 500 kg.ha‘l,
which is understandable considering pedological and
agrochemical soil properties in Pirot. Yields obtained
in Pancevo and KuCevo are above average yields ac-
quired in Serbia (DraZi¢ et al., 1998).

The leaf to stem ratio is uniform over locations. This
ratio is, however, characteristic for peppermint produc-
tion under conditions of dry-land farming. The content
of essential oil in leaves amounted to 3.08% in pepper-
mint produced in Pancevo, while it was lower for other
locations and ranged from 1.17% in Stara Pazova to
1.64% in Ku€evo. This content is a genetic trait of each
medicinal plant species, including peppermint (Maksi-
movi¢, 1991). However, our studies show that soil and
climatic factors affect this content in peppermint grown
in different locations (Tab. VI).

The increased content of essential oil in peppermint
produced in PanCevo can be explained by a favourable
Ca : Mg ratio. This ratio is significantly more balanced
in Pancevo than in similar soils in other places. Fur-
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VI. Peppermint yield and essential oil content

: Wet matter Dry matter . Leaf (% in total herb) Essential oil in leaves
Location Wet : dry ratio
kg.ha™! leaves stem (%)
Kuevo 11 692 3691 3.17 50 50 1.64
Pirot 1 690 500 3.38 52 48 1.54
Pancevo 7 560 2 895 2.68 51.5 48.5 3.08
Stara Pazova 16 444 5211 3.16 48 52 1.17
VII. Macroelement content in plants (% in dry matter)
Location N P,05 K,0 Ca Mg
Kucevo 2.00 0.60 3.60 1.14 0.42
Pirot 253 0.68 2.58 2.14 0.56
Pancevo 2.44 0.64 2.86 342 0.50
Stara Pazova 1.92 0.70 3.16 1.40 0.44
VIII. Microelement content in plants (mg.kg'l of dry matter)
Location Fe Mn Zn Cu B Co Cr Pb Ni Cd As Hg Se
Kudevo 450 192 34 14 18 1.0 1.4 1.0 34 0.1 0.2 0.03 | 0.08
Pirot 658 100 31 15 14 1.6 2.0 32 1.8 0.1 0.1 0.03 0.11
Pancevo 602 118 23 11 18 1.4 1.8 32 24 0.1 0.2 0.03 0.10
Stara Pazova 366 102 21 14 15 1.2 1.0 0.8 1.0 0.2 0.1 0.02 | 0.09
thermore, a greater Ca content in peppermint leaves - Significant differences in both yields and certain
recorded in Pancevo can be explained by the already qualitative traits (essential oil content) were deter-
mentioned ratio. mined in different soils and under different climatic
Soil and climatic factors did not significantly affect conditions.
contents of macro- and microelements in plant tissues — Except for the Ca content, significant variability in
(Tabs VII and VIII). Their content was quite uniform, the accumulation of various macro- and microele-
which can be explained by a genetic distinctiveness of ments in peppermint plant tissues was not expressed
peppermint, although certain studies had proven a posi- on different soils.
tive effect of some of applied elements. — Although the Se content detected in analysed soils
Significant differences in the Ca content were regis- was low, the levels determined in peppermint were
tered in plant tissues, while the greatest accumulation optimal.
of this element was recorded in Panc¢evo. The content - Low, allowable contents of heavy metals were found
of useful microelements was uniform and ranged in both soils and plant materials, contributing to the
within the optimal limits. increase of quality of this important plant species.
Although the investigated soils were pure in Se, its
content in peppermint plants was about 0.1 ppm (move
exactly, within its optimal level in plant tissue). This REFERENCES

points out peppermints genetical possibility to uptake
more Se from the pure supplied soils than other medicinal
plants (Chamomilla, Marigold) (Sekulovi¢ et al., 1996).
Contents of heavy metals (Cr, Cd, Pb, Ni, As and
Hg) determined in peppermint plants were low and al-
lowable (Chizzola, 1989). This indicates a possibility
to produce a raw material of high quality in relation to
these potentially toxic elements in these tested soils.

CONCLUSIONS

According to obtained results on studied peppermint
production under different agroecological conditions,
the following conclusions can be drawn:
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RECENZE

GRASSLAND DYNAMICS AND ECOSYSTEM SIMULATION

MODEL

DYNAMIKA TRAVNEHO PORASTU A EKOSYSTEMOVY SIMULACNY

MODEL

John H. M. Thornley

Wallingford (UK), New York (USA), CAB Int

Popredny britsky Specialista z odboru modelovania
fyziologickych procesov rastlin a autor viacerych mo-
nografii o modelovani Dr. J. H. M. Thornley sa zaobe-
ral aj problematikou modelovania procesov v trivnom
ekosystéme. Rozsiahla databaza vysledkov, ziskanych
vo viacerych krajinach zapadnej Eurépy, dala spraco-
vaniu tejto publikécie solidny zaklad. Zvlast vyznamne
k tomu prispeli poznatky ziskané v poslednych dvadsia-
tich rokoch, a to aj napriek tomu, Ze v tejto peridde
tavajice kapacity boli skor orientované do mimopro-
duké&nych ¢&i zdkladnych funkcii trdvneho porastu.

Struktira programu vychadza zo zakladu tzv. Hurley
Pasture Model (HPM), vytvoreného na byvalom Gras-
sland Research Institute (Hurley), a z novSich Gdajov
viacerych pracovisk.

Publikécia je ¢lenend do desiatich kapitol, pricom
dve tvodné si venované vysvetleniu zdkladnych poj-
mov a prehladu HPM modelu. Hlavni cast tvori pdt
kapitol, v ktorych si matematickym modelovanim
spracované okruhy problémov ako submodel rastlin
a Zivocichov, resp. problematika pody a rastlinného od-
padu. Sucastou je aj submodel vody a analyza vplyvu
vybranych faktorov prostredia a obhospodarovania.
DalSia kapitola detailnej$ie rozoberd dynamické vlast-
nosti, do ktorych si zahrnuté denné zmeny faktorov ¢i
vplyv aplikacie dusika, kosenia a zataZenia porastu zvie-

264

. 1998. 241 s., 12 tab., 70 obr.

ratmi. Dve predposledné kapitoly tejto zaujimavej pub-
likdcie s orientované na oblast simulacie rovnovaz-
nych stavov (steady state) a na vlastny program ACSL
(Advanced Continuous Simulation Language), vyuZi-
vajici nelinearne diferenéné rovnice. V zavere tejto ka-
pitoly st uvedené internetové adresy (vratane autoro-
vej); na druhej adrese mdZno uvedeny simulaény model
ziskat.

Publikécia je pokracovanim snah o vyuzitie mode-
lov v produkcii a Cinnosti rastlinnych spolocenstiev
(De Witt), vratane travnych ekosystémov, kde su k dis-
pozicii taktieZ viaceré modely, napr. v USA Ecological
Level Model ELM (G. S. Innis et al.) ¢i modely spra-
cované v Japonsku (T. Okubo, M. Shyiomi). Vydanie
tohto diela potvrdzuje, Ze modelovanie nie je iba mad-
nou zaleZitostou, ale predstavuje vhodny néstroj pri rie-
Seni problémov likarsko-pasienkarského vyskumu,
a mdzeme ho aj chapat ako urcitd vyzvu nasim vedecko-
-vyskumnym pracovnikom pri spracovani modelov pre
$pecifické oblasti, v rade ktorych k tomu bezpochyby
existuji aj materialne predpoklady (vybavenie praco-
visk pocita¢mi, internet a mnoZstvo dlhoro¢nych vy-
sledkov ekologického ¢i pratotechnického vyskumu).

D4 sa predpokladat, Ze tato publikécia si ndjde miesto
v kniZnici nielen vedeckych pracovnikov, §pecialistov
v oblasti likarstva, ale aj doktorandov postgradudlneho
Stadia. ’

Doc. Ing. Norbert Gdaborcik, CSe.
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EFFECT OF SELENIUM ON THE CHEMICAL
COMPOSITION OF PEPPERMINT OIL

VLIV SELENU NA CHEMICKE SLOZENI SILICE MATY PEPRNE

S. Maksimovi¢', S. Blagojevié’, M. Jakovljevié®, M. Risti¢'

Unstitute for Medicinal Plant Research Dr. Josif Pancic¢, Belgrade, Yugoslavia
2University of Belgrade, Faculty of Agriculture, Belgrade, Yugoslavia

ABSTRACT: The effect of two selenium (Se) doses (100 and 500 g.ha™') on quality of peppermint (Mentha piperita L.)
was studied. Special attention was devoted to the content and chemical composition of the essential oil from peppermint.
Analysis of the essential oil was performed by GC-FID and GC-MS technique. It was found that the Se application had
positive effect on the content of some important essential oil components (menthol, menthyl acetate, B-caryophyllene).
However, the applied Se doses had negative effect on the content of essential oil in the leaves of peppermint.

Keywords: peppermint; selenium; doses; essential oil; menthol; B-caryophyllene
ABSTRAKT: Byl sledovan vliv dvou davek Se (100 a 500 g.ha™') na kvalitu méty peprné (Mentha piperita L.) s ohledem

na obsah a chemické sloZeni matové silice, jejiz analyza byla provedena pomoci GC-FID a GC-MS metod. Bylo zjisténo, Ze
aplikace Se mé pozitivni vliv na obsah n&kterych dileZitych sloZek matové silice (mentol, metylacetat, B-karyofylen). Po

aplikaci Se byl v8ak pozorovan negativni vliv na obsah silice v listech maty peprné.

Kli¢ova slova: mata peprnd; selen; davky; silice; mentol; B-karyofylen

INTRODUCTION

Commercial value of peppermint (Mentha piperita L.)
is determined mainly by the content of certain impor-
tant active ingredients, among which the essential oil
(Mentha piperatae aetheroleum) and its major constitu-
ent menthol (Martindale, 1996) are the most important.
Essential oil of mint has wide application in pharmaceu-
tical, food and cosmetic industry (Peki¢, Lepojevic,
1997).

One of the important activities of the Institute for
Medicinal Plant Research (Belgrade) is the determi-
nation of chemical composition of essential oils from
mint and other medicinal plants. However, recent re-
search (Sekulovié et al., 1996) carried out in this insti-
tute was aimed at increasing Se content in various me-
dicinal plants. The reason for this was the desire to
improve their value in various phytopreparations. How-
ever, negative effect of Se applied on the quality of
medicinal plants could be expected since rather high Se
doses (as high as 1 kg.ha_’) were applied. No data are
available about effects of Se on the quality of various
essential oils. For this reason it was decided to present
in this paper the effect of two Se doses on the content
and composition of essential oil in peppermint leaves.
The effect of these two doses on peppermint yield and
its Se content was also studied.
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MATERIAL AND METHODS

A field experiment with peppermint (cv. Mitcham)
was carried out during 1996 in Panéevo (experimental
field of the Institute for Medicinal Plant Research) on
humogley soil. Se was applied in the form of Na,SeO,
solution in doses 0, 100 and 500 g Se.ha™!. In other
words there were three variants of the experiment. Each
variant was replicated four times (four parcels). The
area of each parcel was 800 m?2. After the harvest, acrial
mint parts were dried at 40 °C, so as to ensure no loss
of essential oil from the leaves.

The essential oil contents were determined by hy-
drodistillation of dried aerial plant parts in Clevenger
type apparatus, according to Ph. Jug IV, while isolated
oil samples were subjected to gas chromatographic
analysis. Analysis of the essential oil was performed by
GC-FID and GC-MS technique. For this purpose
HP-5890 GC, equipped with split-splitless injector,
fused silica capillary column (30 m x 0.25 mm) coated
with slight polar cross-linked methyl-phenyl silicone
gum (HP-5, 0.5 m thickness), and alternatively FID or
HP-5973 MSD, was employed. Essential oil solutions
in ethanol (0.5%) were inject in split mode (1 : 30).
Injector was heated at 250 °C, detector (FID) at 300 °C,
while column temperature was linearly programmed
from 40 to 280 °C (4°/min). Transfer line (MSD) was
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heated at 280 °C. In the case of GC-MSD, EIMS spec-
tra (70 eV) were acquired in scan mode in m/e range
40 to 300. Identification of each individual constituent
was made by comparison of their retention times with
those of authentic samples, and by computer searching,
matching mass spectral data with those held in the com-
puter libraries. For quantification purposes area percent
reports obtained by FID were used. Chromatograms of
the samples were interpreted in the coordinate system,
where concentration indexes (CI) were plotted in rela-
tion with relative retention time to menthol (RRT).
Besides this, total Se content was determined in the
leaves of peppermint after drying at 70 °C and grind-
ing. The samples were digested with a mixture of nitric

RESULTS AND DISCUSSION

From the results presented in Tab. I it can be seen
that the applied Se doses did not exert appreciable influ-
ence on the yield of peppermint. However, the content of
essential oil decreased significantly from 2.8 (control)
to 1.9-2%. Leaves of peppermint from the control have
very low Se content (0.07 ppm). This is in agreement
with the fact that soils in Serbia are deficient in Se
(Maksimovi¢ et al., 1992). The applied Se doses caused
significant increase of Se content in the leaves of pepper-

1. Effect of Se on the yield of peppermint and its essential oil content

and perchloric acid. After this, reduction of Se (VI) to Se dose (g.ha™!) 0 100 500
Se (IV) was performed by heating the digest with 6M Mint yield (kg.ha ') | 808 869 734
HCl at. 90 °C for 30 min. Readings were performf:d on Essential oil content (%) 281 1.88 1.97
a .Varxan SpectrAA-10 spec‘trophotometer equipped ey i) 0.07 460 37.40
with VGA-76 vapour generation accessory.
a) Variant I (control - 0 g Se/ha)
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II. Results of the essential oil analysis

Variant Sigqiﬁcancc of

Component difference

1 2 3 1-2 [ 1-3 | 2-3
Oil (%) 2.81 1.88 | 1.97 * * -
a-pinene 044 | 033 | 0.32 - - -
B-pinene 0.76 | 0.66 | 0.60 - - -
p-cymene 0.12 | 0.13 | 0.08 - - -
Limonene 0.71 | 1.28 | 0.80 - - -
1,8-cineol 487 | 433 | 3.04 - * -
Menthone 30.00 [ 13.61 | 11.49 | ** *x -
Menthofuran 9.91 [10.56 | 9.95 - - -
Menthol 31.85|40.77 | 40.17 ¥ » -
Pulegone 1.73 | 2.13 | 1.88 - - -
Methyl acetate 434 | 528 | 6.22 - ¥ -
B-caryophyllene | 2.21 | 3.19 | 3.70 * Bk -
Y-terpinene 0.04 | 0.03 |0.008 - - -
Linalool 0.15 | 0.16 | 0.06 - - -
Unidentified 12.88 | 17.56 | 21.71 - ** -

1 =0gSeha’
2 =100 g Se.ha™

3 =500g Se.ha™

*  significant at the 0.05 probability level
** significant at the 0.01 probability level
- insignificant

mint. This can be of significance if peppermint is con-
sidered as an additional source (as tea) for satisfying
daily human needs in Se. Critical Se concentration for
plant growth is in the range from 10 to 20 ppm (Blume,
1990). This value was surpassed in the treatment with
500 g Se.ha™' where the lowest yield of mint was ob-
tained.

Influence of Se was also expressed on the qualitative
composition of essential oil. This can be seen from the
results presented in Tab. II and Fig. 1.

The most abundant among 13 identified essential oil
components are menthol and menthone. This is in
agreement with the results (Tasi¢, Krivokuéa-Djokié,
1997) that are related to the most important mint sorts
grown in our country. Se application caused significant
decrease (from 30 to 11.5%) in the content of menthone
which is a predecessor in the biosynthesis of menthol.
A significant reduction in 1,8-cineol content occurred
under the influence of higher Se dose. Both Se doses
caused statistically significant increases in the content
of menthol. These increases of menthol content could

be explained by positive effect of Se on enzyme dehy-
drogenase (NADPH-dependent) which is responsible
for the transformation of menthone into menthol. Be-
sides this, it can be noticed that Se had a positive effect
on the following essential oil components: B-caryo-
phyllene, menthyl acetate and unidentified substances.
It is very probable that part of the added (applied) Se
was built into the structure of these unidentified sub-
stances. Further research is needed to confirm this as-
sumption. There were no statistically significant differ-
ences between variants 2 and 3 as far as the contents
of the mentioned substances are concerned.

At the end the obtained results can be summarized
in the following way. Foliar application of Se did not
exert significant influence on the yield of peppermint,
but it caused significant decrease in the essential oil
content. Positive effect of Se application was expressed
through its increased accumulation in mint leaves, and
through increase in the content of menthol as most im-
portant component of mint’s essential oil. It should be
reiterated that menthol content increased as a result of
a positive effect of Se on enzyme dehydrogenase that
plays a crucial role in the transformation of menthone
to menthol. Further research should be carried with
lower Se doses (below 100 g Se.ha") for the sake of
preserving positive and avoiding negative effects of Se.
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RECENZE

GRASSLAND SCIENCE IN POLAND (POLISH GRASSLAND

SOCIETY)

LUKARSTVO V POLSKU (POLSKA LUKARSKA SPOLOCNOST)

P. Golinski, S. Kozlowski, B. Goliniska (eds)

Poznar 1998. 272 s., 80 tab., 38 obr.

Aj napriek tomu, Ze Polska likarska spolocnost (TPL)
je pomerne mlada, jej aktivita je uZ od zrodu bohaté.
Okrem usporiadania domdcich vedeckych a odbornych
podujati zorganizovala v roku 1996 medzinarodné pri-
lezitostné sympozium Eurdpskej likarskej federacie
(EGF), venované aspektom obhospodarovania trdvnych
porastov za uéelom zachovania biodiverzity (Manage-
ment for Grassland Biodiversity, Grassland Science in
Europe, Vol. 2, 1996).

V roku 1998 zacala tato spolocnost vydavat nové
periodikum Lakarstwo w Polsce, pricom v prvom ¢&isle
st uvedené prispevky z konferencie ,,Faktory ovplyviiu-
juice prisevy — proekologicka metéda obnovy travnych
porastov* konanej v Poznani 18. a 19. novembra 1998.

Publikacia obsahuje celkom 23 prispevkov, z toho
Styri zo zahranicia (SRN, SR). Podstatni ¢ast publika-
cie (17 ¢lankov) tvoria prace venované vybranym as-
pektom prisevov v podmienkach Polska (volba mieSa-
niek, pouZitie herbicidov a priemyselnych hnojiv,
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likvidacia burin, napr. Rumex sp., vyznam datelinovin
v prisevoch a pod.). Poukazuje sa aj na zmeny mikro-
biologickych procesov v pdde trvalych, docasnych
a prisievanych travnych porastov vo vztahu k zastiipe-
niu bobovitej zlozky, ich produkénej schopnosti a sila-
Zovatelnosti. Neobchadzaji sa ani zdanlivo teoretické
aspekty prisevov datelinovin, resp. datelinotravnych
mieSaniek, akymi je rozvoj korefiovej hmoty, nadzem-
nych orgdnov i tvorba alelopatickych latok (Pea pra-
tensis).

Pévodné prace si vhodne doplnené kompildciami
o problematike prisevov, tykajicich sa rastliny, pro-
stredia, pratotechniky a ekonomiky. Zbornik dopliia aj
prispevok o aplikécii prisevov v marginalnych oblastiach
Kanady.

Je pravdepodobné, Ze aj dalSie Cislo tohto periodika
bude zdrojom najnovSich informécii nielen pre pol-
skych, ale aj pre naSich Specialistov.

Doc. Ing. Norbert Gdaborcik, CSc.
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SLEDOVANI ODRUDOVE CITLIVOSTI OZIME PSENICE
VUCI HERBICIDUM METODOU VELMI RYCHLE
FLUORESCENCNI INDUKCE

INVESTIGATION OF VARIETAL SENSITIVITY TO HERBICIDES
IN WINTER WHEAT USING A METHOD OF VERY FAST
FLUORESCENCE INDUCTION

M. Flagarova', J. Nau§’, M. Matougkova’

lAg,rricultural Research Institute, Ltd., Kromériz, Czech Republic
2Palack)5 University, Faculty of Natural Sciences, Olomouc, Czech Republic

ABSTRACT: The very fast fluorescence induction (vfFI) of chlorophyll a was used to test sensitivity of eight winter wheat
varieties to three herbicides [Bromotril (a.i. bromoxynil), Bladex 50 SC (a.i. cyanazine), IPU Stefes (a.i. isoproturon)]. The
purpose of conducted experiments was to assess: 1) if a single application of herbicides affected the plant state during its
further growth, 2) if individual varieties differed in responses to these substances, and 3) how the changes of vfFI parameters
are related to potential changes of biometric parameters. A fluorometer PEA (Hansatech Instruments, Ltd., Norfolk, England)
was used to measure the vfFI curve (O-J-1-P transient) (Strasser, Govindjee. 1992). Herbicides were applied by spraying at
the growth stage 30 DC (stem elongation — erecting the secondary stem). Parameters Fo, Fv/Fp and rFj of vfFI curve were
measured after 9, 48, 96 and 144 hours after spraying. While the effect of Bromotril was maximum on the 2nd to 4th day,
the effects of Bladex 50 SC and IPU Stefes did not reach maximum even on the 6th day after spraying (Fig. ). Varieties
were ranked according to extent of changes of fluorescence parameters (Tabs I, II, III). The greatest changes in both
fluorescence and yield were caused by Bladex 50 SC (Figs 1, 3, 5). The best consistency between the fluorescence response
and yield loss was found in the case of Bromotril (Figs 1, 3, 4). The consistency is substantiated by a favourable time of
measurements in the field of maximum effects of the herbicide and the only sensitive parameter rFj being out of the saturation
field. In the case of Bladex 50 SC and approximately IPU Stefes an inversion relationship between fluorescence response (on
the 6th day) and yield loss was assessed. This relationship is interpreted by a different kinetics of both herbicide effects and
regeneration. Based on relationships between fluorescence reaction and yield components (Fig. 3), three types of variety
reactions and their representatives were suggested. The most sensitive varieties (Rexia) responded by lowering a number of
productive stems quickly. Slower and less sensitive reactions exhibited by varieties of the Samanta type led towards a de-
creasing grain number per ear. The slowest but significant reaction of varieties of the Alka type led to decreasing both the
grain number per ear and the grain weight. The first and third type of varieties showed the greatest yield loss. Plant dry
weight was reduced after the herbicide application but the rate of biomass increase was maintained up to anthesis (Fig. 2).
It is concluded that the significance of difference between fluorescence parameters (rFj, Fo) indicates the difference in the
yield.

Keywords: winter wheat; herbicides; chlorophyll fluorescence induction; varietal sensitivity; yield

ABSTRAKT: Pomoci velmi rychlé fluorescené¢ni indukce (vrFI) chlorofylu byla testovéna citlivost osmi odrud ozimé p3enice
vadi tiem herbicidim [Bromotril (bromoxynil), Bladex 50 SC (cyanazin), IPU Stefes (izoproturon)] a porovnina s vlivem
herbicidi na vynos. Herbicidy byly aplikovany postfikem v ristové fazi rostlin 30 DC (sloupkovini — vzpfimovani nepravého
stébla). Parametry vrFI (Fo, Fv/Fp a rFj) byly méfeny po 9, 48, 96 a 144 h po postiiku. Zatimco pusobeni Bromotrilu bylo
maximalni po 48 aZ 96 h, piisobeni Bladexu 50 SC a IPU Stefesu nedosdhlo maxima ani po 144 h po postiiku. Na zdkladé
rozdilt parametri vrFI mezi oSetfenymi a kontrolnimi rostlinami bylo stanoveno pofadi citlivosti jednotlivych odrad. Nejvetsi
zmény jak ve fluorescenci, tak ve vynosu vyvolal Bladex 50 SC. Nejlep§i shoda mezi mirou fluorescenénich zmén a poklesem
vynosu byla zji$téna v pfipadé Bromotrilu. Z hlediska souvislosti fluorescencni reakce a vynosovych prvka byly navrZeny tfi
typy reakce odrad: 1) nejcitlivéjsi odrudy reagovaly rychle sniZenim po&tu produktivnich stébel; 2) u odrid s pomalejsi
a méné citlivou reakci do§lo ke sniZeni poctu zrn v klasu; 3) u odrid s nejpomalejsi, ale vyraznou reakci doslo ke sniZeni
poctu zrn v klasu i hmotnosti obilky. U odriid prvniho a tfetiho typu byl zji§tén nejvétsi pokles vynosu. Po zasahu herbicida
byl zaznamenén pokles hmotnosti suiny rostlin vech odrud, pfi¢emz rychlost pfiristku biomasy byla aZ do kveteni zacho-
vana. Bylo zji§téno, Ze statisticka priikaznost rozdilu fluorescenénich parametrt (rFj, Fo) indikovala rozdil ve vynosu.

Klicova slova: ozima p3enice; herbicidy; fluorescen&ni indukce; odridova citlivost; vynos
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UvVOD

V posledni dobé se k charakterizaci stavu fotosynte-
tického aparatu rostlin stale astéji pouZiva fluorescen-
ce chlorofylu v listu. Mé&fena za béznych teplot je velmi
citlivym indikatorem pfedevsim stavu fotosystému II
(PS II) v thylakoidnich membrénach chloroplasti
(Krause, Weis, 1991; Naus et al., 1994).

Velka fada herbicidi pisobi na fotosyntézu a ovliv-
fiuje predevsim transport elektront v thylakoidni mem-
brané. Sem patfi tzv. herbicidy PS II, jejichZ vliv je
nejsnaze detekovatelny pomoci fluorescence chlorofylu
véetné kiivek fluorescenéni indukce (Strasser, Govind-
jee, 1991, 1992; Naus, Melis, 1992; Ducruet et al.,
1993; Dvordk et al., 1994; Lazar et al., 1997, 1998).
Zmény v kfivce velmi rychlé fluorescencni indukce
(vrFI), ktera ma charakteristicky pribéh O-J-I-P (Stras-
ser et al., 1995), lze pfi pusobeni herbicidi (a stresu
obecné) rozdélit do dvou fazi. V prvni fazi (pfi mirngj-
§im pusobeni stresu) dochdzi k naristu parametru rFj
(relativni vyska viny J v kfivce vrFI). Podle interpreta-
ce pouZivané v této praci, narlst rFj odpovida néristu
poctu tzv. Qg-neredukujicich center PSII (Lazér et al.,
1997). Ve druhé tazi (pfi silnéj$§im plsobeni stresu) pak
kromé& pokracujiciho narastu rFj nartstd také parametr
Fo (minimalni fluorescence) a klesd parametr Fv/Fp
(fotochemicka u¢innost PSII). Tyto zmény jsou inter-
pretovéany jako vyraznéj$i poSkozeni reakénich center
PSII, kdy narusta pocet center neschopnych rozdéleni
naboje (poskozena nebo inaktivni centra).

Pfi pouZivani herbicidi v porostech kulturnich plo-
din dochazi k fytotoxickému plisobeni téchto latek ne-
jen na plevele, ale také na plodiny, pfi¢emZ nevhodna
volba herbicidu, davkovani nebo doba aplikace herbi-
cidu muZe zpusobit i sniZeni vynosu oSetfeného poros-
tu (Vaiova, Spitzer, 1995; Grundy et al., 1996). Pii
posuzoviani vlivu herbicidu na plodinu je tedy nejdile-
dafsky vynos). V navaznosti na publikované vysledky
(Matouskova et al., 1996) lze predpokladat souvislost
vynosovych charakteristik s kinetikou pusobeni herbi-
cidu a s rozsahem pocate¢ni reakce rostliny. Tato price
ma za cil porovnanim chovani jednotlivych odrad pfi-
spét k feseni otazky, zda je mozné predpovédét zmény
vynosu pSenice na zakladé reakce fotosyntetického apa-
ratu rostliny na herbicid aplikovany v obdobi ranych
rustovych fazi.

MATERIAL A METODA
Rostlinny material

K testovani bylo vybrano osm odrid ozimé pSenice
(Triticum aestivum L.): Alka, Asta, Cebeco 947, Hana,
Rexia, Samanta, Saskia a Siria. Rostliny byly zasety
4. 10. 1996 a péstovany v polnich podminkach (nad-
moiska vyska 235 m; 17° 21° 507 v. d., 49° 17" 12" 5. §.).
Den pred postfikem byla ¢ast rostlin z polniho pokusu
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odebréna a zasazena do mokrého pisku ve vegetacnich
nadobach, pisek byl udrZovian ve vlhkém stavu. Nado-
by byly uloZeny v nevytdpéném skleniku na zavlaZova-
nou pudu. Zde se béhem experimentu primérné denni
teploty pohybovaly v rozmezi 5 az 14 °C, nocni teploty
mezi 2 az 10 °C a relativni vlhkost vzduchu byla ve
dne 65 az 85 %, v noci 85 az 93 %. V prubehu sledo-
vani fluorescence rostliny nezavadly, byly svézi a syté
zelené.

Herbicidy byly dne 15. 4. 1997 (v case mezi 7.00
a 8.00) aplikovény postiikem (ru¢ni postiikova¢ SOLO
425, SRN) v rustové fazi 30 DC podle Zadokse (sloup-
kovani — vzpfimovini nepravého stébla) soucasné na
rostliny ve vegetacnich nadobach (meéfeni vrFI) i na
rostliny rostouci v polnich podminkéch (nezapleveleny
porost).

Z polniho pokusu u rostlin sledovanych variant byla
v rastové fazi 30 DC (sloupkovani — vzpfimovéni ne-
pravého stébla), 32 DC (vytvotfené druhé kolénko),
39 DC (viditelny jazycek praporcového listu) a 55 DC
(metani, polovina kvétenstvi viditelna) stanovena
hmotnost suiny nadzemni Casti rostlin (n = 40).

Vynosové prvky a vynos

V plné zralosti 28. 7. aZ 2. 8. 1997 byl zjistén pocet
klasti na 1 m? (n = 4), poCet zrn v klasu a hmotnost
obilky (n = 80) a vypocten vynos zrna na | m? (n=4).

Herbicidy

Byly pouzity herbicidy (davka v I.ha™") Bromotril
(1,5), Bladex 50 SC (0,6) (dile jen Bladex) a IPU Ste-
fes (2,0) v mnozstvi vody 300 Lha™". Davky herbicida
byly voleny podle doporuceni v Metodické pfirucce pro
ochranu rostlin (1996). Uéinnou latkou v Bromotrilu je
bromoxynil, v Bladexu cyanazin a v IPU Stefesu izo-
proturon.

Meéfeni velmi rychlé fluorescencni indukce (vrFI)

Meéieni vrFI probihalo za 9, 48, 96 a 144 h po apli-
kaci herbicidi. Rostliny pSenice byly pied méfenim
pieneseny do laboratofe. K méfeni kiivky vrFI (faze
O-J-1-P) (Strasser, Govindjee, 1992) byl pouZit pfistroj -
PEA (Hansatech, Norfolk, Anglie). Méfeni se uskutec-
nilo nedestruktivné (svorky pii méfeni vrFI byly zavé-
Seny na stojanech) na adaxialni strané druhého rozvi-
nutého listu pod vrcholem hlavniho stébla (rastova faze
30-31 DC podle Zadokse, vzpifimovani hlavniho stébla —
zaCitek sloupkovani) ve stfedni Casti listové Cepele
(n = 10). Intenzita excitace byla 70 % maximalni inten-
zity (tj. 3000 umol.m_z.s‘l). doba zaznamu fluorescen-
ce 2 s, doba adaptace listi na tmu ve svorkdch Hansa-
tech byla 30 min. K vyhodnocovani vlivu herbicidi
byly pouZity parametry Fo (pocate¢ni fluorescence),
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Fv/Fp (variabilni fluorescence/maximalni fluorescence;
Fv = Fp - Fo) a rFj [relativni vy$ka viny J v kfivce
velmi rychlého fluorescenéniho jevu; (Fj — Fo)/Fv; Fj
odecitano ve 2 ms indukéni kfivky]. Podrobnou meto-
diku uvadéji Matouskova et al. (1996).

Na zdkladé maximalnich detekovanych zmén fluo-
rescencnich parametria Fo, Fv/Fp a rFj zpusobenych
danym herbicidem bylo stanoveno poradi odrud.

Statistické vyhodnoceni

Byly provedeny testy na statistickou vyznamnost
rozdilti parametri Fo a rFj:
a) mezi kontrolnimi rostlinami a rostlinami po aplikaci
daného herbicidu v ramci jedné odrady
b) mezi vybranymi odridami v ramci pisobeni daného
herbicidu
Bod a) byl testovan pomoci parového r-testu; v pii-
padé, Ze data nesplitiovala podminku normalniho rozdé-

leni, byl pouzit Wilcoxon Signed Rank test (neparamet-
ricky ekvivalent parového t-testu).

Bod b) byl testovan pomoci t-testu; v piipadé, Ze
data nespliiovala podminku normalniho rozdéleni nebo
rovnosti rozptyld, byl pouzit Mann-Whitney Signed
Rank Sum test (neparametricky ekvivalent t-testu).

Ve vsech testech byla zvolena hladina vyznamnosti
o =5 %. Pro testovani vSech dat byl pouzit program
Stat-100 (Biosoft).

VYSLEDKY
Pisobeni herbicidii

Na obr. 1 jsou znazornény ¢asové priib&hy hlavnich
parametra vrFI (Fo, Fv/Fp a rFj) kontrolnich rostlin

a rostlin po aplikaci Bromotrilu, Bladexu a IPU Stefesu
pro jednotlivé odriidy ozimé pSenice. U kontrolnich

Alka

Cebeco 947

Rexia : i

X

Saskia
1. Casovy pribéh parametri

vrFI (Fo, Fv/Fp a rFj) u jed-
notlivych odrad kontrolnich
rostlin (k) a rostlin po apli-
kaci Bladexu (bl), Bro-
motrilu (br) a IPU Stefesu

(ipu); uvedeny medidny
a kvartily (n = 10) — Time
course of vrFI (Fo, Fv/Fp
and rFj) in different varie-
ties of the control plants (k)
and plants after application

1 B i % of Bladex (bl), Bromotril

a9 ",'5' ' (br) and IPU Stefes (ipu);

08 e ‘ 1 presented medians and
"Eg'; % & g ¥ quartils (n = 10)

ol | +

gi g +/6—"'9 ol "4é"--4i osa x: doba po aplikaci

(dny) - x axis: time after ap-
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rostlin byl béhem Sestidenniho experimentu zazname-
nan mirny narast parametru rFj, ktery zfejmé souvisi se
starnutim méfeného listu.

Bromotril. U vech odriad s vyjimkou odridy Ce-
beco 947 zpusobil Bromotril pouze nérlst parametru
rFj bez vyrazn&j§ich zmén Fo a Fv/Fp. Narust rFj oproti
kontrole nastal jiZz po 9 h po aplikaci herbicidu, maxi-
malni narust rFj byl zaznamendn u vétSiny odrid 96 h
(tj. 4 dny) po aplikaci (u odriid Alka, Saskia a Siria po
48 h po aplikaci). Po 144 h (tj. 6 dnech) po aplikaci
doslo k mirnému poklesu rFj, coZ odrazi zacinajici re-
generaci rostlin z pusobeni Bromotrilu, ktery tedy zpt-
sobil pouze prvni fazi poSkozeni herbicidem, tj. narist
obsahu Qg-neredukujicich center PSII (Lazér et al.,
1997). U odrudy Cebeco 947 doslo po 48 h po aplikaci
Bromotrilu k mirnému nérastu Fo a poklesu Fv/Fp, pfi-
gemz tyto zmény v dalSim terminu méfeni (po 96 h po
aplikaci) vymizely. Je moZné piedpokladat, Ze u této
odridy doglo vlivem Bromotrilu k pfechodnému narts-
tu po¢tu poskozenych reakénich center PS II (RC II).

Bladex 50 SC. Pusobeni Bladexu mélo ve srovnani
s Bromotrilem odli¥nou kinetiku i intenzitu. Po 48 h po
aplikaci Bladexu nastal u vétSiny odriid pouze mirny
narist parametru rFj; po 96 a 144 h po aplikaci doslo
k velmi vyraznému nartstu Fo a poklesu Fv/Fp. Maxi-
malni detekovany nartist Fo oproti kontrole se pohybo-
val mezi 225 % (odriida Rexia) a 90 % (odrida Alka)
a pokles Fv/Fp mezi 57 % a 20 % (tab. II), coZ pred-
stavuje nejvetsi zmény zplsobené aplikaci zvolenych
herbicidi. B&hem 6 dni po aplikaci nebyl zaznamenan
naznak regenerace rostlin z plisobeni tohoto herbicidu.
Velikost zmén Fo a Fv/Fp vypovida o velmi vyrazném
naristu obsahu poSkozenych RCIIL. Je zajimavé, Ze
kvantitativné srovnatelny narist rFj, zpiisobeny aplika-
ci Bromotrilu a Bladexu, ktery napf. u odridy Samanta
96 h po aplikaci ¢inil asi 65 %, je spojen s rizné vel-
kymi zménami Fo a Fv/Fp: U odridy Samanta Cinil

narast Fo v pripadé Bromotrilu pouhych 8 %, zatimco
v piipadé Bladexu pfiblizné 70 %. Vysvétleni tohoto
chovani by umozZnila aZz matematicka analyza a vhodny
model procest vedoucich ke zménam Fo, Fv/Fp a rFj.
Model by mohl vychézet z jiz dfive navrZené hypotézy
o podstaté rustu rFj (Lazar et al., 1997).

IPU Stefes. U rostlin pod vlivem IPU Stefesu doslo
po 48 h po aplikaci k narustu rFj, pricemz po 96 a 144 h
po aplikaci se tato veli¢ina zacala bliZit saturaci. Vy-
raznéj8i narist Fo a s tim souvisejici pokles Fv/Fp na-
staly aZ po 96 h po aplikaci. Ve srovnani s piisobenim
Bladexu vznikla opét situace, kdy kvantitativné podobny
nartst parametru rFj byl spojen s riznym nérastem Fo
a poklesem Fv/Fp. Tyto zmény byly v pfipadé IPU Ste-
fesu vZdy men3i neZ u Bladexu. Podobné jako u Bla-
dexu, také pri aplikaci IPU Stefesu odrazely zmény
fluorescencnich parametra postupné se zhorSujici stav
rostlin bez zndmek regenerace z pusobeni herbicidu.

Reakce odrad

Ze srovnéani zavislosti fluorescencnich parametri na
dobé po aplikaci herbicidu u jednotlivych odrad (obr. 1)
vyplyva, Ze kinetika pusobeni pouZitych herbicidi se
mezi odradami vyrazné neliSila, charakter casovych za-
vislosti byl u vsech odrid podobny. Vyjimkou byly od-
ridy Alka, Saskia a Siria, u kterych nastala maximalni
reakce na Bromotril (parametr rFj dosahl maxima) jiz
po 48 h po aplikaci Bromotrilu, zatimco u dal$ich od-
rad aZ po 96 h.

Na zakladé velikosti maximélnich detekovanych
zmén hlavnich parametrt vrFI (Fo, Fv/Fp a rFj), tzn.
v piipadé Bromotrilu po 96 h a v pfipadé Bladexu
a IPU Stefesu po 144 h po aplikaci, bylo urceno poradi
odrud pSenice (tab. I, II, III).

Pro testovani statistické vyznamnosti rozdili: a) me-
zi kontrolnimi rostlinami a rostlinami po aplikaci her-

1. Poradi odrid ozimé pSenice podle velikosti zmén fluorescenénich parametri zpisobenych Bromotrilem; pocitino z mediani parametr
naméfenych 4 dny po aplikaci Bromotrilu (n = 10) — Sequence of winter wheat varieties according to the extent of changes of fluorescence
parameters induced by Bromotril; calculated from medians of parameters measured 4 days after Bromotril application (n = 10)

Odrida' Fo Fv/Fp tFj

(podle citlivosti)® [+] pofadi’ - pofadi [+ pofadi
Asta 17 4 4 1 63 3
Alka 23 R 2 3 56 6
Rexia 18 3 1 6 68 1
Cebeco 947 20 2 3 2 48 7
Hana 14 5 1 5 62 4
Siria 13 6 2 4 62 5
Samanta 8 8 0 8 65 2
Saskia 10 7 1 7 42 8

Sefazeno od nejcitlivéj$i po nejméné citlivou odriadu; zmény vyjidfeny v % kontroly (levé sloupce, [+] = ndrust, [-] = pokles); v pravych
sloupcich uvedeno dil&i pofadi podle reakce jednotlivych parametri viFl — Ranked from more sensitive to least sensitive variety; changes
expressed in % of the control (left columns, [+] = growth, [-] = decrease); right columns give a partial sequence according to the response

of different parameters vrFI

lvnriety. 2m:r:(n'ding to sensitivity, 3sequence
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11. Pofadi odrid ozimé pSenice podle velikosti zmén fluorescenénich parametrii zpusobenych Bladexem; pocitino z medianti parametrd
namé&fenych 6 dni po aplikaci Bladexu (n = 10) — Sequence of winter wheat varieties according to the extent of changes of fluorescence
parameters induced by Bladex; calculated from medians of parameters measured 6 days after Bladex application (n = 10)

Odriida' Fo Fv/Fp rFj

(podle citlivosti)? [+] pofadi® B poradi [+ poradi
Rexia 225 1 57 1 92 3
Samanta 216 2 46 2 95 |
Cebeco 947 205 3 44 4 95 2
Siria 183 4 44 3 82 5
Saskia 181 5 43 5 86 4
Hana 163 6 37 6 80 6
Asta 133 7 30 7 41 7
Alka 90 8 20 8 34 8

For 1-3 see Tab. I

I1I. Pofadi odrid ozimé pienice podle velikosti zmén fluorescenénich parametri zpusobenych IPU Stefesem; pocitino z medidni parametrd
naméfenych 6 dni po aplikaci IPU Stefesu (n = 10) — Sequence of winter wheat varieties according to the extent of changes of fluorescence
paramelers induced by IPU Stefes; calculated from medians of parameters measured 6 days after IPU Stefes application (n = 10)

Odrada' Fo Fv/Fp rFj

(podle citlivosti)® [+] pofadi® ] pofadi (+] pofadi
Rexia 86 1 13 3 96 1
Saskia 54 4 14 1 92 2
Samanta 65 3 13 2 90 3
Hana 69 2 11 4 87 5
Cebeco 947 51 5 9 7 90 4
Siria 49 6 7 8 86 6
Alka 48 7 9 5 78 8
Asta 45 8 9 6 81 7

For 1-3 see Tab. I

IV. Vysledky testovini statistické vyznamnosti rozdild zmény parametru Fo a rFj mezi odridami ozimé p3enice po aplikaci Bromotrilu,
Bladexu a IPU Stefesu; ano = statisticky vyznamny rozdil, ne = statisticky nevyznamny rozdil (hladina vyznamnosti 0.05) — Results of testing
of statistical significance of differences of parameters Fo and rFj between winter wheat varieties after application of Bromotril, Bladex and
IPU Stefes; yes = statistically significant difference, no = statistically insignificant difference (significance level 0.05)

Fo rFj Fo rFj Fo rFj Fo - rFj
Bromotril Asta Alka Siria Saskia
Asta ne! ne ne ne ne ano?
Alka ne ne ne ano
Siria ne ano
Bladex Rexia Cebeco Hana Alka
Rexia ne ne ne ne ano ne
Cebeco ne ne ne ano
Hana ne ne
IPU Stefes Rexia Samanta Cebeco Alka
Rexia ne ne ne ne ne ne
Samanta ne ne ano ne
Cebeco ne ne

! yes, no
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30DC 32DC 39DC 55DC 30DC 32DC 39DC 55 DC

2. Priristani hmotnosti suiny (g) rostlin sledovanych odrid ozimé
p3enice; kontrolni rostliny (k) a rostliny po aplikaci Bromotrilu (br),
Bladexu (bl) a IPU Stefesu (ipu); méfeno v rustovych fazich 30 DC
(sloupkovani — vzpfimovéni nepravého stébla), 32 DC (vytvofené
druhé kolénko), 39 DC (viditelny jazycek praporcového listu) a 55 DC
(metani, polovina kvétenstvi viditelnd); uvedeny priméry (n = 40) -
Increment of plant dry weight (g) of investigated winter wheat va-
rieties; control plants (k) and plants after application of Bromotril
(br), Bladex (bl) and IPU Stefes (ipu); measured at the growth stages
30 DC (stem elongation — erecting the secondary stem), 32 DC (formed
the second node), 39 DC (visible ligule of flag leaf) and 55 DC (head-
ing, half of inflorescence is visible); presented means (n = 40)

osa x: rustova fize — x axis: growth stage

bicidii v ramci jedné odridy; b) mezi reakci rostlin jed-
notlivych odrad na herbicid, byly pouZity parametry Fo
a rFj (jejich maximalni naméfené hodnoty). Bylo zji3-
téno, Ze narust téchto parametrti vyvolany aplikaci Bro-
motrilu byl u rostlin viech odrid statisticky vyznamny
(na hladiné 0,05). Po aplikaci Bladexu a IPU Stefesu
byly rozdily parametrii Fo a rFj statisticky vyznamné
u sedmi odrid: v pfipadé Bladexu nebyl statisticky vy-
znamny rozdil v parametru rFj u odrudy Alka (nejméné
citlivd vic¢i Bladexu, tab. II), v pfipadé IPU Stefesu
v parametru Fo u odriidy Saskia (druha nejcitlivéjsi od-
rida viaéi IPU Stefesu, tab. III).

Vysledky testovani statistické vyznamnosti mezi-
odridovych rozdili ve zménéch fluorescence zplisobe-
nych jednotlivymi herbicidy jsou uvedeny v tab. IV
(zbyvajici neuvedené pripady byly nepriikazné).
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3. Podet zrn v klasu (a), hmotnost obilky (b), pocet klasi na | m?
(c) a vynos zrna (d) u rostlin jednotlivych odrud ozimé p3enice po
aplikaci Bromotrilu (br), Bladexu (bl) a IPU Stefesu (ipu); vyjadieno
v % kontroly, pocitiano z pruméru (a, b: n = 80; ¢, d: n = 4) — Number
of grains per spike (a), caryopsis weight (b), number of spikes per
1 m® (c) and grain yield (d) in plants of different winter wheat
varieties after application of Bromotril (br), Bladex (bl) and IPU
Stefes (ipu); expressed in % of control, calculated from means (a, b:
n=280;c,d:n=4)

Kromé fluorescencnich parametr byly méfeny také
vybrané ristové parametry a v plné zralosti byly urée-
ny vynosové prvky. ;

Na obr. 2 je znazornéno prirastani suSiny nadzemni
¢asti rostlin jednotlivych odrid pSenice, od rastové faze
30 DC (sloupkovani — vzpfimovani nepravého stébla)
do faze 55 DC (metani — polovina kvétenstvi viditelna).
Z obr. 2 je ziejmé, Ze aplikace v8ech tii herbicidl (Bro-
motrilu, Bladexu i IPU Stefesu) zptsobila mirné zpo-
maleni nérdstu suSiny u vSech sledovanych odrad.

Na obr. 3 jsou uvedeny zmény vynosovych prvki
a vynosu zrna sledovanych odrid zptisobené aplikaci
herbicida. U rostlin viech odrid doslo po aplikaci herbi-
cida k poklesu poctu zrn v klasu a poctu klast na | m?
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4. Relativni pokles vynosu (vyjadfeny v % kontroly) u rostlin odrid
ozimé pSenice po aplikaci Bromotrilu; odridy fazeny podle relativni
citlivosti vaci pfipravku urCené na zdkladé zmén parametra vrFI
(tab. T az III); po¢itano z pruméri (n = 4) — Relative decrease of the
yield (expressed in % of control) in plants of winter wheat varieties
after Bromotril application; varieties are ranked according to relative
sensitivity to the preparation determined on the basis of changes of
vrFl parameters (Tabs I to III); calculated from means (n = 4)

(obr. 3a, c¢). Hmotnost obilky poklesla pisobenim IPU
Stefesu u v8ech odrid, ptisobenim Bladexu u v8ech od-
rad s vyjimkou odridy Siria (mirny naruast asi o 2 %)
a pusobenim Bromotrilu poklesla pouze u odriad Alka,
Cebeco 947 a Hana, u ostatnich odrad byl zaznamenan
mirny narast hmotnosti obilky (do 5 %) (obr. 3b). Vy-
nos zrna poklesl po aplikaci herbicidi u vSech sledova-
nych odriid pSenice (obr. 3d). Nejvétsi pokles vynosu
po aplikaci Bromotrilu byl zaznamenan u odrady Alka
(asi 37 %), u odridy Rexia a Hana po aplikaci Bladexu
(38 a 33 %) a u odriady Rexia po aplikaci IPU Stefesu
(asi 30 %).

Na obr. 4 aZ 6 je pro znazornéni mozné souvislosti
vysledkt fluorescencnich méfeni a kone¢ného vynosu
vynesen relativni pokles vynosu u odrud, které jsou se-
fazeny podle velikosti fluorescenénich zmén zpisobe-
nych danym herbicidem (nalevo nejcitlivejsi odrady).
Z obr. 4 (rostliny po aplikaci Bromotrilu) lze vysledo-
vat tendenci mensiho poklesu vynosu s mensi fluores-
cen¢ni reakci odrid na Bromotril, tedy ¢im menSi byla
reakce odrudy urCend na zakladé velikosti zmén fluo-
rescencnich parametrd, tim méné klesl vynos oproti
kontrolnim rostlindm. Zajimava je situace v piipadé
Bladexu. Z obr. S je zfejma opacna tendence neZ v pfi-
padé Bromotrilu, ¢im byla fluorescence odrudy méné
citliva na Bladex, tim vétsi pokles vynosu byl zjistén.
Vyjimkou z této zavislosti byla odrida Rexia, fluores-
cen¢né nejcitlivéjsi vaci Bladexu a s nejvétsim pokle-
sem vynosu oproti kontrole. V pripadé IPU Stefesu
(obr. 6) neni zfejmy naznak souvislosti fluorescenénich
méfeni a kone¢ného vynosu zrna.
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5. Relativni pokles vynosu (vyjadfeny v % kontroly) u rostlin odrid
ozimé p3enice po aplikaci Bladexu — Relative decrease of the yield
(expressed in % of control) in plants of winter wheat varieties after
Bladex application

DISKUSE
Rozdily mezi odridami

Jasna souvislost mezi pofadim stanovenym na zikla-
dé velikosti zmén fluorescence v obdobi aplikace her-
bicidu a poklesem vynosu byla v naSem vyzkumu na-
lezena pouze v piipadé pouZiti herbicidu Bromotrilu
(obr. 4). V tomto pripadé skutecné s klesajici fluores-
cencni reakei klesal 1 dbytek vynosu.

U herbicidi Bladexu a IPU Stefesu nebyla tato za-
vislost dokumentovana (obr. 5, 6). Nebereme-li proza-
tim u téchto dvou zavislosti v ivahu odridu Rexia (viz
dile), vychazi paradoxné dokonce inverzni vztah, tj.
vétsi zména fluorescence odpovida nizsimu tubytku vy-
nosu. Divodu pro toto zjidténi miZe byt nékolik:

Zvolili jsme metodiku, kdy méfeni fluorescence pro-
bihalo pouze na jednom listu. Tento list sim o sobé
(dokonce jen stfedni ¢ast cepele z adaxialni strany) ne-
musi reprezentovat celou rostlinu. Pro registraci stavu
celé rostliny by musel byt zvolen urcity soubor topo-
grafickych bodt (Matouskovi et al., 1996; Naus et al.,
1996). Z praktického hlediska by pak nebylo moZné
sledovat vét§i pocet odrid paralelné jako v této studii.

Z vySetieni prabehi Casové zavislosti pusobeni her-
bicida (obr. 1) vyplyva dalsi hypotéza: Pokles vynosu
koreluje s maximalni odchylkou fluorescenénich para-
metri od kontrolniho vzorku. Toto maximum odchylky
bylo mozné stanovit, a to jen piiblizn€, pouze pro pii-
pad Bromotrilu, kdy se maximum veli¢iny rFj u pSenice
nachédzelo mezi 48 a 96 h. Obdobné vysledky uvadgji
Matouskova et al. (1996). Opeét z praktickych davodu
nebylo v tomto experimentu mozné hledat skute¢né
maximum u kazdé odrady zvlast a pro vyhodnoceni
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6. Relativni pokles vynosu (vyjadieny v % kontroly) u rostlin odrid
ozimé p3enice po aplikaci IPU Stefesu — Relative decrease of the
yield (expressed in % of control) in plants of winter wheat varieties
after IPU Stefes application

byla jednotné zvolena data naméfend 96 h po aplikaci.
Poloha tohoto maxima se ov§em muzZe mezi jednotlivy-
mi odridami lisit i o 1 aZ 2 dny (obr. 1).

V pfipadé herbicidu IPU Stefes nebylo dosaZeno ma-
xima odchylek fluorescencnich parametri ani po 6 dnech.
Tedy na zakladé hodnot stanovenych 144 h po aplikaci
nelze urdit, zda jiZ byly maximalni nebo ne. Proto po-
fadi odrud uréené podle zmén fluorescence nemusi od-
povidat skutenosti. Navic pokud se hodnota rFj pohy-
buje kolem 0,9, je jiZ v saturacni (maximalni) oblasti
(teoreticky muZe v extrémnim pfipadé dosdhnout hod-
noty 1) a jeji malé zmény jsou jiZ mdlo vérohodné.

Jesté sloZitéjsi situace je v pfipad€ herbicidu Bladexu.
V na8ich dfivéjsich pracich (Matouskova et al., 1996)
nebylo ani po 10 dnech po aplikaci zaznamendno ma-
ximum fluorescenc¢nich zmén a efekt mél stéle rostouci
tendenci. RovnéZ v tomto méfeni v pfipadé Bladexu
nebylo zfejmé dosaZeno maximaélni odchylky (kromé
saturujicich se veli¢in rFi a rFj). Neni zde vyloucen
inverzni efekt, doloZeny i naSimi daty (obr. 5). Jedno
z vysvétleni by mohlo byt, Ze rychlejsi narast do oce-
kavaného maxima, tj. vét§i zmény ve fluorescenci de-

- tekované 144 h po aplikaci, muZe indikovat i rychlejsi
reakei, regeneraci ¢i zménu reakce rostliny, které jsou

vyhodné pro kompenzaci nepfiznivého vlivu herbicidu.
Tuto hypotézu lze pouZit i pro pfipad pusobeni IPU
Stefesu (obr. 6).

Vliv herbicidii na vynosové prvky

Porovname-li chovani vynosovych prvki vici plisobe-
ni herbicidu komplexné, zjistime nékolik zajimavosti:

Hmotnost obilky (obr. 3b) i pocet klasa na 1 m
(obr. 3c) klesly v praméru jen asi 0 5 %. Globalné nej-
dulezitéjsi je pokles poctu zrn v klasu (v priméru o 10 az
15 %, obr. 3a). Existuji ov§em rozdily v jednotlivych
skupindch odrid, o nichZ se zminime pozdéji.

Zajimavou vyjimku jak z hlediska vynosovych prv-
ki, tak ve fluorescenéni citlivosti piedstavuje Rexia.
Tato odrida vlivem herbicidi extrémné sniZila pocet
klast na 1 m? (pokles na 84 %, obr. 3c) a zachovala
hmotnost obilky (obr. 3b). U této odrudy reagovala
fluorescence na herbicidy nejvice. Je moZné konsta-
tovat, Ze silné a rychlé pisobeni herbicidii zpusobilo
u odridy Rexia zvySenou redukci odnozi, s naslednym
snizenim produktivni hustoty porostu.

Ve vétsiné pfipadi vynosové prvky dané odridy rea-
govaly na vSechny tii typy herbicidi podobné. Vzdy
trojice bodu u dané odridy (obr. 3) se rozptyluji do
10 % kolem stiedni hodnoty. Dé se tedy usoudit, Ze jak
globalni citlivost viici herbicidiim, tak i reakce na rzné
herbicidy je podobna. Z hlediska reakce na herbicidy
1ze velmi priblizné rozdeélit odrudy do tii skupin.

Typické reakce piedstaviteli jednotlivych skupin:
1. Rexia (a Hana) sniZily pfedev§im pocet klasu, a tim

i silné vynos.

2. Alka (a Asta) zachovaly produktivni hustotu poros-
tu, ale siln€ u nich poklesl pocet zrn v klasu. Nizsi
byla i hmotnost obilky. Jejich reakce je tedy jind nez
u prvni skupiny odrid (Rexia). Tyto odridy mély
silnou fluorescenéni odezvu na Bromotril (obr. 4),
ale po 144 h po aplikaci jesté slabou odezvu na
Bladex a IPU Stefes (obr. 5 a 6). Da se ale oCekavat
zesileni reakce na tyto dva herbicidy v pozdé&jsi dobé.

3. Samanta (a Saskia, resp. Siria) pfedstavuji tfeti typ
reakce na herbicid. Byl zachovan pocet klast
i hmotnost obilky. Poklesl poéet zrn v klasu. Fluo-
rescence u téchto odrad malo reagovala na Bromo-
tril (tab. I). Jejich pomérné vyznamna fluorescen¢ni
reakce na Bladex a IPU Stefes muZe indikovat
schopnost rychlé regenerace z pusobeni herbicidu.

2

V. Hodnoceni tfi typl odrid podle jejich vynosovych prvkia a zmén fluorescenénich parametri k herbicidim; plus (+) = zména k horsimu,
minus (-) = zachovani stavu, sniZzend reakce — Evaluation of three types of varieties according to their yield components and changes of
fluorescence parameters to herbicides; plus (+) = change to worse, minus (-) = preservation of the state, decreased response

Odrida’ Pocet klast? Pocet zrn? Hmotnost obilky? Bromotril Bladex IPU Stefes
Rexia + + - + + +
Samanta - + - - + +
Alka - + + + - -

'va.ricty, number of spikes, *humber of grain, ~lcaryopsis weight
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(hypotéza o inverznim efektu). Byla-li maximalni
reakce na Bladex a IPU Stefes amérna reakci na
Bromotril, pak lze u téchto odrid oekédvat nejmensi
vliv na vynos, coZ je potvrzeno na obr. 3d. Neoce-
kdva se dlouhodobé pusobeni, a tim ani priliSné
ovlivnéni hmotnosti obilky.

Velmi zjednodusené lze tedy konstatovat, Ze v kine-
tice ovlivnéni ristovych a vynosovych parametri odri-
dy typu Rexia sniZily pocet klasti na 1 m? (herbicidy
pusobi nejrychleji), odridy typu Samanta snizily pouze
pocet zrn (stfedni rychlost pisobeni a slaby efekt) a
u odrid typu Alka poklesl jak pocet zrn, tak i hmotnost
obilky (zpomalené, ale silné pusobeni). Orientacni
predstavu o typickém chovéni uvedenych skupin odrid
podava tab. V.

Fytotoxicita herbicida

Nékteré mérené veliCiny jasné dokazuji, Ze pouZité
herbicidy mély na rostliny pSenice negativni vliv. Obr. 2
dokumentuje, Ze po aplikaci herbicidu doslo k poklesu
hmotnosti susiny rostlin. Nejvétsi pokles hmotnosti su-
Siny byl zji$tén u odridy Rexia, kterd méla také nejvét-
§i pokles vynosu a nejcitlivéji reagovala i fluorescenc-
né. U vSech odrid vsak rist susiny ovlivnénych rostlin
pokracoval prakticky paralelné (tj. se stejnou relativni
rychlosti) s rastem suSiny kontroly. Zasah herbicidu
sniZzil absolutni produkci biomasy rostlin.

Ve vét§iné pfipadi dodlo k nejvét§simu poklesu susi-
ny po aplikaci Bladexu, coz je v souhlasu s nejcastéj-
$im nejvétsim poklesem vynosu (obr. 3d) a poctu zrn
v klasu (obr. 3a). Nabizi se hypotéza, Ze dlouhodobé
pusobeni herbicidu (Bladex) ma skodlivéjsi acinky nez
kratkodoby $ok (Bromotril). Pokles vynosu zpusobeny
Bromotrilem byl skute¢né vétsinou nejmensi (obr. 3d),
stejné jako pokles hmotnosti obilky (obr. 3b). Obilka
se vyviji a napliiuje aZ v poslednich rastovych fazich
rostliny, kdy efekt Bromotrilu maZze byt jiz zanedbatelny.

Herbicidy maji riznou kinetiku ptisobeni (Matous-
kova et al., 1996), aviak fluorescence byla méfena jen
v nékolika terminech. Pfesto z porovnani tab. I, II a III
plyne, Ze fluorescence nejvice reagovala na herbicid
Bladex, méné na IPU Stefes a nejméné na Bromotril.
V tomto poradi také v praméru poklesl vynos (obr. 3d).

Statistické zdkonitosti

Odridy se vaci pusobeni herbicidi chovaly pomérné
jednotné a ve vétsiné piipadi nebyly rozdily mezi od-
ridami pro zvoleny méfeny parametr statisticky pru-
kazné na hlading vyznamnosti 5 %.

Uvedené tvrzeni dokazuje pro fluorescenéni para-
metry tab. IV. Z celkem 36 porovndvanych dvojic sou-
bord byly zjistény prikazné rozdily jen v Sesti pfipa-
dech, tj. asi v 16 %. Nejlepsi vysledky (tfi pfipady
pritkaznosti) byly zji§tény pro Bromotril, obdobné jako
pfi posuzovani souvislosti reakce fluorescence a vyno-
su. Nejhor$i situace byla u IPU Stefesu, jen jeden pra-
kazny rozdil.
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Nabizi se zakladni otazka, zda zjiSténé prukazné roz-
dily ve fluorescen¢ni reakci naméfené na zacétku sloup-
kovéni také spravné predpovidaji rozdily ve vynosu.
Vsechny pripady prukaznosti rozdilu ve fluorescenc-
nich parametrech zji§téné pro Bromotril a Bladex od-
povidaly rozdilim ve vynosech. U IPU Stefesu se ani
jedind zjisténa prukaznost rozdilu v Fo mezi odridami
Samanta a Alka neshodovala s rozdilem ve vynosu.

Domnivame se, ze uspéSnost piedpovédi zmén vy-
nosu z fluorescenénich parametr u Bromotrilu je dana
jednoduchosti fluorescenéni odezvy. Vyrazné zmény
vykazoval totiz pouze parametr rFj (tab. I), navic v ob-
lasti nesaturovanych hodnot (pod 0,8, obr. 1), kdy méa
nejvétsi vypovédni hodnotu. Veli¢ina rFj byla navic
stanovena blizko své maximalni hodnoty a predstavuje
tedy optimalné zjistény udaj.

Jak ukazuji testy prukaznosti rozdili parametri Fo
a rFj mezi kontrolami a ovlivnénymi rostlinami, opét
nejlepsi vysledky byly dosaZeny u Bromotrilu, kdy
viechny rozdily byly vyznamné. U Bladexu a IPU Ste-
fesu byl vzdy jeden ze 16 pripadi neprukazny. Zname-
nd to, ze obecné ve vsech kombinacich odrida — herbi-
cid (celkem 24) alespoii jeden klicovy fluorescencni
parametr (Fo nebo rFj) signalizoval vyznamnou zménu.
Ve vsech 24 pripadech byl také vynos nizsi nez 100 %
(obr. 3d).

Z téchto skutecnosti lze vyvodit navrh fluorescencni
predpovédi vlivu herbicidu na vynos: Pokud jsou roz-
dily ve fluorescen¢ni reakci (parametry Fo a rFj) na
pusobeni herbicidu statisticky prikazné na hladiné
5 %, lze oCekavat rozdil ve vynosu.

Zavéry plynouci z obr. 3 dovoluji navrhnout pro
orientacni testovani odolnosti odrid pSenice vuci her-
bicidim vyuZiti specifikované vypracovaného testu
fluorescencni reakce na Bromotril.

Vyzkum byl finanéné podporovan grantem GA CR,
¢. 521/96/0713.
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POTATO YIELD IN CROP ROTATION AND 16-YEAR
CONTINUOUS GROWING

VYNOS BRAMBOR V OSEVNIM POSTUPU A 16LETEM
OPAKOVANEM PESTOVANI

R. S. Reszel, H. Reszel

Pedagogical University, Department of Biology and Environmental Protection, Rzeszow,
Poland

ABSTRACT: The experiments were conducted from 1977 to 1992 on typical brown soil of a good rye complex. Three crop
rotations with different potato shares (25, 50 and 75% as well as) and its monoculture, were compared. It has been found
that a higher potato share (up to 75%) in the sowing structure does not have to result in a yield decrease. The decrease can
be caused by the introduction of monoculture, with this influence it is particularly evident in the years with average climatic
conditions.

Keywords: potato; yield; crop rotation; monoculture

ABSTRAKT: V letech 1977 az 1992 probéhly na typické hnédé piidé pokusy v podminkach vhodnych pro péstovini Zita.
Porovndvali jsme tfi osevni postupy s riiznym zastoupenim brambor (25, 50 a 75 %) a jejich péstovani v monokultufe. Zjistili
jsme, Ze vy33i zastoupeni brambor v osevnim sledu (aZ do 75 %) nemusi vést k poklesu vynosu, jeho pokles viak muize

zpusobit zavedeni monokultury. Tento vliv byl zvlast patrny v letech s pramérnymi povétrnostnimi podminkami.

Klicova slova: brambory; vynos; osevni postup; monokultura

INTRODUCTION

Simplified crop rotation may lead to soil exhaustion
and hence to a drop in yield (Niewiadomski, 1980;
Gonet, Gonet, 1982). Negative effects of excessive spe-
cialization in crop rotation appear in full only after
several years of its application and their intensity often
depends on growth conditions (Malicki, Reszel, 1986;
Reszel, Bozek, 1988). This paper deals with a part of
a l16-year experiment whose aim has been established
to what extent a heightened proportion of potato in
crop rotation influences the yield of this crop in the
climatic conditions of the Lublin Upland.

MATERIAL AND METHODS

The experiment was carried out on the Lublin Up-
land in the years 1977 to 1992 in the Agricultural Ex-
perimental Site of the Agricultural University of Lublin
in Poland. The method was that of split-plot in four
repetitions, on plots of 30 m?. The research was con-
ducted on brown soil of a good rye complex. It con-
sisted in comparing the reactions of potato cultivated
in crop rotation with varying percentage of this plant:
25% (with Norfolk crop rotation treated as the control

ROSTLINNA VYROBA, 45, 1999 (6): 279-281

one), 50, 75 and 100% (monoculture). The sowing
structure in the consecutive rotations stayed always the
same, but the species and varieties of plants changed
(Tab. I). All crops were grown with the use of proper
agrotechnological methods. During one rotation a full
dose of manure was applied to the first plot in autumn.
The other plots with the same crop were treated with
a double dose of mineral fertilisers so that better tro-
phic conditions could prevent soil exhaustion. Detailed
information regarding the crops is included in earlier
papers (Reszel, 1987; Reszel, Bozek, 1988).

In the first rotation the growth conditions were close
to average with one drought period in September 1979
and a dry spell in May 1977. (Drought and dry periods
were defined on the basis of Sielaninov’s hydrothermic
index.) In the second rotation there were two very dry
periods (May to September 1982 and August 1984) and
three dry spells (June and August 1984 and April
1984). The third and fourth rotations had some dry
spells in spring (April and May), which reappeared also
in late summer (1986, 1989, 1990) and a considerable
water shortage from June to August 1992.

The results have undergone analysis of variances
and the correlation coefficient has been calculated be-
tween certain yield elements and markers of vegetation
conditions.
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I. The rotation schemes

. The influence of potato share on bulb yield (tha™)

Potato share in crop

i Plant
rotation (%)

potato**
5 barley + red clover'
red clover?

wheat?

potato**
spring barley*
potato

wheat?

potato™*
otato

75 g

wheat?

potato

potato**

100 potato

potato

potato

'from 1985 spring barley

%in 1985 and 1987 to 1988 Persian clover, in the years 1980 to 1992
a pulses-grain composition (oats + vetch + field pea)

3in the first rotation — winter wheat, in the next — spring wheat
4from the year 1985 barley + oats

RESULTS AND DISCUSSION

The results of the study indicate that increasing of
potato proportion in crop rotation from 25 to 75% not
only did not diminish the yield of potatoes but often
made it higher. The yield of potatoes dropped in the
case of monoculture (by 6% on average, Tab. II) but
the drop was not as great as it is stated by other authors
(Zawislak et al., 1975; Piskorz, Roszak, 1990). This
could have been caused by the absence of eelworm in
soil. This observation is confirmed by Gonet, Gonet
(1982), who claim that monoculture of potato on eel-
worm-free soil diminishes its yield much less than is
the case when the soil is infested with this nematode.

Treating the average yield as the index of fa-
vourability of seasonal conditions for the cultivation of
potatoes, it may be stated that in favourable seasons (in
which the yield of potatoes exceeded 30 tha™!) the

Potato share Rotation
in crop Average
rotation (%) L 1L 111 Iv.
25 30.0 26.3 224 13.8 23.1
50 28.6 27.3 23.4 16.2 239
75 28.7 273 24.1 19.0 24.8
100 26.3 22.0 20.8 16.1 213
Average 28.4 25.7 22.7 16.3 233
LSDy 5:

potato share in crop rotation = 0.8
rotation = 0.8
potato share in crop rotation x rotaion = 1.0

ITI. Changes in bulb yield in indirect crop rotation and monoculture
as compared to the results of control crop rotation

Potato share in Rotation (%)
crop rotation (%) L 1L 1L v
50 -5 +4 +4 +17
75 =5 +4 +8 +38
100 -12 -16 3 +17

introduction of monoculture decreased the yield in
comparison to Norfolk rotation by about 3%, in aver-
age seasons (yield 20 to 30 tha™) by 17%, and in poor
seasons (yield below 20 t.ha") by 7% (Fig. 1). These
results confirmed an earlier observation from the first
two rotations that the proportion of potato in crop ro-
tation clearly influenced the yield in the seasons char-
acterised by average growth conditions (Reszel, 1994).
In the first rotation the yield decreased systematically
together with increasing proportion of potatoes in the
rotation, whereas in the second and third rotation the
yield was decreased only in monoculture. In the last
rotation the yield was poorest in the case of Norfolk
rotation (Tab. III). Poorer yield of potato (especially in
the control plot) started appearing from the second ro-
tation, onwards which was most probably caused by
a significant change of climatic conditions. Since 1982
there was a considerable increase of average tempera-
tures in July (from 16.2 to 17.8 °C) and August (from
16.0 to 17.8 °C) and a simultaneous drop in rainfall
(from 87 to 75 mm and from 91 to 60 mm, resp.). These

{HE

good conditions,
yield >30 t.ha™
CEd EW |
0% 5%

HI

average condi

25%

100%

25% 100%
Potato share in crop rotation

50%

280

bad conditions,
yield <20 tha™
= .

I. Potato tuber yield in specialised crop
rotation and monoculture relative to Nor-

25% 50% 75%  100%

folk crop rotation, as obtained in years
with varied vegetation conditions
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meteorological conditions did not facilitate absorption
of nutrients and formation of tubers, causing a drop in
yield. This observation is based on the proportion of
the mass of above-ground parts to the mass of tubers
which rose in the final period of the experiment from
1.7 to 2.7 and high correlations between the proportion
of the mass of above-ground parts to the mass of tubers
and the temperatures in July (r = 0.586), as well as
between the proportion of small tubers and the tem-
peratures in August (r = 0.690). It should also be added
that rising proportions of small tubers in the yield were
negatively correlated with the yield (r = -0.564).
Therefore it may be supposed that unfavourable
weather conditions caused a flattening of yield and in-
terfered with the action of the main experimental fac-
tor, which was the proportion of potatoes in crop rota-
tion.

CONCLUSIONS

The results of the study carried out in the years 1977
to 1992 on eelworm-free light soils in the climatic con-
ditions of the Lublin Upland allow the following con-
clusions:

1. Increasing the proportions of adequately fertilised
and cultivated potatoes in crop rotation to 75% is
not necessarily connected with a drop in yield,
which however may in turn be brought about by
monoculture.

2. Negative effects of excessive specialisation in crop
rotation are most visible in the seasons characterised
by average weather conditions and are not so clear
in the seasons in which the weather conditions are
less typical.
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TECHNOLOGICKA JAKOST HYBRIDNICH ODRUD ZITA

TECHNOLOGICAL QUALITY OF RYE HYBRID VARIETIES
J. Petr, 1. Capouchova, J. Skefik

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: In three-year trials (1995 to 1997) were investigated milling and baking quality of rye hybrid varieties which
represent a new prospect for rye breeding by its high yield, particularly in marginal regions. Technological quality of rye
hybrid varieties Rapid, Marder and Locarno (Germany) was evaluated when compared with a traditional variety Dankowskie
Nowe (Poland) from the harvest of exact cultivation trials with different sowing rate (Capouchovi et al., 1998). The quality
evaluation alone was based on the results of analyses of grain, milling trial, flour properties and experimental baking. In the
trials notorious consequences of various stand density exerted on the quality traits of harvested grain were confirmed, while
bulk density, thousand grain weight (TGW) and share of undersized grain was falling with increasing stand density in all
studied varieties. In hybrids sowing rate of 200 to 300 germinating caryopses per | m? seemed to be most suitable in conditions
of our experiment for the yield as well as for the quality, while it was 400 caryopses per 1 m? in the population variety. The
properties of saccharide-amylase complex, characterized by the falling number, were much differentiated in different years,
weather pattern was manifested significantly in the period of caryopsis formation and ripening. The effect of stand density
on falling number was not recorded. The content of maltose, proteins and ash in grain was not affected by the sowing rate
likewise. No marked varietal differences were recorded in all these indicators as well. In evaluation of quality indicators of
rye flours year differences were recorded in flour T 500 in the content of ash and flour yield, similarly it was with bread
flour T 930. Differences among different varieties were not significant. More conspicuous differences were found solely in
the total yield of flours, except the year 1996, when the Dankowskie Nowe reached the highest yield, greater differences
were also in the yield after Mohse where the ash content is taken into account, too. Viscosimetric evaluation of flours (by
falling number and amylographically) again showed a significant influence of weather conditions in the year on the studied
indicators. The effect of weather in different years is evident from the results, that is sum of precipitation during caryopsis
formation and ripening on the majority of investigated quality indicators of rye. On the contrary, the effect of variety does
not come to the front so significantly like, e.g. in wheat or malting barley. As to the technology, in the total evaluation of
our trials, the hybrid variety Rapid and the population variety Dankowskie Nowe were shown as slightly better. Rye hybrids
preserve in principal at their high yield quality parameters and properties like population varieties. To obtain required
parameters of grain it is necessary to keep the recommended sowing rate, to which rye hybrids are more demanding than
population varieties.

Keywords: rye; hybrid varieties; population variety; milling and baking quality

ABSTRAKT: V tiiletych pokusech (1995 az 1997) jsme sledovali mlynaiskou a pekaiskou jakost hybridnich odrid Zita,
které vysokou vynosnosti pfedstavuji novou perspektivu pro pé&stovéni Zita zejména v margindlnich, ale i v drodné&jich
oblastech. Technologicka jakost hybridnich odrid Zita Rapid, Marder a Locarno (SRN) byla hodnocena v porovnani s kla-
sickou populaéni odriidou Dankowskie Nowe (Polsko) ze sklizné presnych agrotechnickych pokusi s rozdilnym mnoZstvim
vysevu (Capouchovid et al., 1998). Pfi vlastnim jakostnim hodnoceni jsme vychazeli z vysledki rozbort zrna, mleciho pokusu,
vlastnosti mouk a pokusného peceni. Jakostni znaky zrna Zita (objemova hmotnost, hmotnost tisice zrn [HTZ], podil pfedniho
zrna a propadu) byly ovlivnény organizaci porostu, resp. mnozstvim vysevku. U hybridi se v podminkach naseho pokusu
pro vynos i jakost ukdzal nejvhodné&jsi vysevek 200 az 300 kli¢ivych obilek na 1 mz, u populaéni odrady 400 kli¢ivych obilek
na 1 m? Vlastnosti sacharido-amyldzového komplexu, charakterizované Cislem poklesu, nebyly velikosti vysevku ovlivnény,
stejné tak obsah maltézy, bilkovin a popela v zrnu. U vSech téchto ukazateltt rovnéz nebyly zji§tény vyraznéjsi odridové
rozdily. Pfi hodnoceni jakostnich ukazateld Zitnych mouk byly zaznamendny vyznamnéjdi rozdily pouze u celkové vytéZnosti
mouk, kde kromé roku 1996 doséhla nejvyssi vytéZnosti odrida Dankowskie Nowe, vétsi rozdily byly rovnéz ve vytéZnosti
podle Mohse, kde se bere v ivahu i obsah popela. Viskozimetrické hodnoceni mouk (&islem poklesu a amylograficky) ukazalo
podstatny vliv podminek pocasi v ro¢niku na sledované ukazatele. Z vysledki je patrny zejména vliv poasi v jednotlivych
ro¢nicich, hlavné mnoZstvi srazek v pribéhu tvorby obilky a dozriavini, na vét§inu sledovanych jakostnich ukazatell Zita.
Vliv odrady naproti tomu nevystupuje do popiedi tak vyrazn& jako napf. u pSenice nebo sladovnického je¢mene. V celkovém
hodnoceni nasich pokust se po technologické strance jako mirné lepsi ukazala hybridni odrida Rapid a populacni odrida
Dankowskie Nowe.

Kli¢ovi slova: Zito; hybridni odridy; populaéni odriida; mlyndfska a pekaiska jakost
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Zito bylo pied 50 lety hlavnim chlebovym obilnim
druhem ve stfedni, vychodni a severni Evropé. Také
v Cechach jeho osevni plochy pfed 2. svétovou valkou
podstatné pfevySovaly pSenici. U Zita, které neni tak
druhové pestré a jehoZ odridy jsou dosti piibuzné, ne-
doslo ve Slechténi k vyznamnému pokroku, a tak se
u ného nemohl projevit vliv intenzifikacnich faktord,
jako je hnojeni a pouZivini pesticidid. Naproti tomu
u pdenice rostl rychle vynosovy potencidl a reakce na
vy§si davky hnojiv, pesticidy a reguldtory ristu, coz
postupné zastinilo postaveni Zita. Také industridlni pe-
kérenské velkovyrobé lépe vyhovovala jakostni stabilita
p3enice a moznost pfipravy Sirokého sortimentu chleba
a peiva. U Zita je pekdrenskd technologie sloZit&jsi
a vyZaduje v&t§i pozornost pfi vedeni tésta s ohledem
na rozdilné vlastnosti kazdé mouky.

Péstovani zita ma v evropském obilnéi'stvi v8ak své
stalé misto, coZ souvisi s moznosti jeho uplatnéni
v mén& trodnych a klimaticky méné pfiznivych pod-
minkéch tzv. marginalnich oblasti. Zito se dafi péstovat
téZ na pis€itych pudach, je zimovzdorné a mrazuvzdor-
né, snasi horsi predplodiny, a tak v téchto podminkéch
vynosové prekondva pSenici. V CR mame takovych
oblasti znaény podil a Zito maZe pfispét k udrZeni ze-
mé&délské aktivity v téchto oblastech.

K pozoruhodnému pokroku ve Slechténi Zita doslo
v 70. letech v Polsku (Dankowskie Nowe), ale k revo-
lugni zm&né doslo aZ po ziskdni odrad hybrida Zita
v SRN. Tyto nové odridy piekonavaji odrudy populace
ve vynosech o 10 aZ 20 % a rychle se dostdvaji do
praxe. V CR, kde jsou ve Statni odridové knize zapsé-
ny jiZ tfi odridy hybrida Zita, presahuje jejich osev jiz
10 tis. ha. V naSi prdci jsme se proto zaméfili na po-
souzeni technologické jakosti (mlynédiské a pekaiské)
hybridnich odrid Zita ve srovnéni s jakosti klasické
populaéni odridy Zita Dankowskie Nowe.

Technologicka jakost Zita je podobné jako u ostat-
nich obilnich druhi silné ovlivnéna podminkami pésto-
véni, klimatickymi podminkami a aktualnim prib&hem
pocasi.

Podil odridy na technologické jakosti, resp. odriido-
vé rozdily nejsou u Zita tak vyznamné jako u odrid
poravinaiské penice a sladovnického je¢mene. Souvisi
to nejen s jiz zminénou piibuznosti odrid, ale téz s ci-
zosprasnosti Zita. Informace o mlynafské a pekafské ja-
kosti hybrida Zita pochazeji dosud hlavné z §lechtitel-
skych a semenaiskych podniki (Anonym, 1965, 1996)
nebo odridovych pokust (Weipert, 1997) a naznacuji
jisté zlepSeni nékterych vlastnosti, napf. odolnosti proti
portstani. V naSich podminkéch tdaje o jakosti novych
odrud uvadgji Machan (1996) a Bene§ (1995).

MATERIAL A METODA

Jakostni hodnoceni Zita probihalo v letech 1995 az
1997. V roce 1995 byla pouzita hybridni odrida Zita
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Rapid (SRN), povolena v CR v roce 1994, jako kontrolni
byla zvolena u nas nejrozsifenéjsi populaéni odriada Dan-
kowskie Nowe (Polsko), povolend v CR 1977. V letech
1996 a 1997 byly hodnoceny jesté dvé dalsi hybridni
odriidy: Marder (SRN), povolena v CR 1992, a Locar-
no (SRN), povolena v CR 1996, jako kontrolni byla
opét odrida Dankowskie Nowe.

Vzorky odrid pro hodnoceni jakosti byly ziskany
z presného maloparcelkového pokusu, ktery probihal
na Pokusné stanici CZU v Praze-Uhfingvsi. Podminky
pokusu a agrotechniku publikovali Capouchova et al.
(1998).

Pfi hodnoceni mlynafské a pekaiské jakosti odrid
potravinafského Zita se vychazi z vysledki rozborl
zrna, mleciho pokusu, vlastnosti mouk a pokusného pe-
Ceni.

Jakostni ukazatele zrna (objemova hmotnost, hmot-
nost 1000 zrn, podil pfedniho zrna, vyrovnanost, ¢islo
poklesu, tvrdost zrna, obsah bilkovin a popela, malto-
za) byly hodnoceny ze vzorka vypéstovanych pii vy-
sevcich 100, 200, 300, 400 a 500 kli¢ivych obilek na
1 m?u hybridnich odrid a 300, 400 a 500 kli¢ivych
obilek na 1 m? u odridy populacni. Objemova hmot-
nost byla stanovena podle CSN 46 10 10, &ast 5, podil
predniho zrna a vyrovnanost CSN 46 10 11, &islo po-
klesu CSN ISO 3093, obsah bilkovin CSN 56 05 12-12,
obsah maltézy CSN 56 05 12-13, obsah popela CSN
46 10 19, tvrdost zrna na Brabenderové tvrdoméru.

Pro dal$i hodnoceni (jakostni ukazatele Zitnych mouk,
amylografické hodnoceni a pokusné peceni) byly pouZity
vzorky hybridnich odrid z vysevku 300 kli¢ivych obi-
lek na 1 m* a jim odpovidajici varianta odrady Dan-
kowskie Nowe (300 kli¢ivych zrn na | mz). Hodnoceni
probihalo podle postupu: Piiprava zrna na zdmel a po-
kusné mleti na laboratornim mlynu Biihler — metodiky
VU MPP, rozbory mouk — CSN 56 05 12, reologicky
rozbor — amylograf ICC 148, pokusné peceni — meto-
dika VU MPP - receptura Zitno-p¥eniéného chleba
(50 : 50) s R 22 a drozdim. Jako standard byla pouZzita
mouka T 930 z primyslového mlyna.

VYSLEDKY A DISKUSE

V pokusu vedeném v Uhfinévsi v roce 1995 jsme
hodnotili jakost hybridni odrady Zita Rapid pfi razném
mnoZstvi vysevu (100, 200, 300, 400 a 500 kli¢ivych
obilek na 1 mz) ve srovnani s klasickou populaéni od-
radou Dankowskie Nowe pfi vysevu 300, 400 a 500 kli-
¢ivych obilek na 1 m>. Vynosové vysledky publikovali
Capouchova et al. (1998).

Potvrdily se obecné znamé dusledky riizné hustoty
porostu na jakostni znaky sklizeného zrna (tab. I). Ob-
jemova hmotnost a HTZ klesala s hustotou porostu,
resp. s mnozstvim vysevu. U odridy Dankowskie No-
we vSak byla objemova hmotnost i HTZ celkové vyssi
nez u hybridni odridy Rapid. U této odridy byly tyto
hodnoty u vysevka 100 az 300 obilek témér shodné,
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I. Jakostni ukazatele zrna Zita (Uhfinves, 1995) — Quality indicators of rye grain (Uhfinéves, 1995)

5 j vi il S | Vyrov item’ i h
owiga | Vit | DRI | mrz P e | e | St | paees | Malom? | R0 | popel' | Tuedost?

(m™) (g17) (®) (%) (%) (%) (s) (%) (%) (%) (b.j.)
D. Nowe 300 759 39,3 91,3 97,2 2,8 331 2,41 11,9 1,68 149,1
D. Nowe 400 748 389 92,1 99,4 0,6 318 242 12,1 1,69 148,5
D. Nowe 500 729 36,8 773 80,4 19,6 304 2,41 11,9 1,68 148,7
Rapid 100 733 334 91,9 96,3 31 326 2,42 11,2 1,52 1397
Rapid 200 734 339 88,4 90,4 9.6 343 242 11,2 1,54 139,6
Rapid 300 7217 34,7 87,9 89.4 10,6 312 2,41 11,3 1,53 139,0
Rapid 400 729 28,1 64,0 89,0 11,0 310 242 11,2 1,53 136,1
Rapid 500 721 26,3 56,2 81,6 18,4 327 2,42 11,4 1,52 136,3

Ivariety. 2sowing rate, “bulk density, *TGW, *share of grain on mesh sieve, ®balance of grain, 7siﬁing, sfalling number, “maltose, lOprmein content, 'ash, "*hardness
II. Jakostni ukazatele zrna Zita (Uhiinéves, 1996) — Quality indicators of rye grain (Uhfinéves, 1996)
P A ¢ - 5 . 2% " .

Odrada! VYsellg,k2 g:j:"::s‘;? HTZ! Podnzllvzzn;n(azr;mrin:;lem Vyr(z)::a:;nosl Zr’gp)::dg;n;r; pocklls e!:us Maltéza’ biﬁ(l()):l:;: 10 Popel!! Tvrdo_st 12

(m™) (1) () (%) (%) (%) (s) (%) (%) (%) (b. j.)
D. Nowe 300 699 354 91,9 97.3 2,7 90 2,10 11,6 1,81 93,7
D. Nowe 400 694 349 88,2 96,8 3.2 97 2,15 11,5 1,82 94,1
D. Nowe 500 687 338 83,3 89,4 10,6 95 2,17 11,7 1,80 94,0
Rapid 100 690 32,5 85,2 94,6 5.4 78 2,78 11,5 1,79 97,7
Rapid 200 688 32,0 80.8 91,1 8,9 79 2,78 11,5 1,79 97,5
Rapid 300 682 316 7.2 89.4 10,6 74 2,79 11,4 1,78 97,2
Rapid 400 680 28,2 68.9 89,7 10,3 75 2,80 11,5 1,79 98,0
Rapid 500 671 26,9 59,0 89,9 10,1 77 2,78 11,6 1,77 97,9
Marder 100 689 329 75,0 93,7 6,3 100 2,30 10,4 1,71 84,9
Marder 200 685 31,5 80,0 92,4 7.6 101 2,31 10,5 1,72 84,1
Marder 300 687 314 75,5 89,8 10,2 109 2,29 103 1,71 84,4
Marder 400 679 26,2 67,6 89,7 10,3 108 2,30 10,4 1,71 85.2
Marder 500 674 25,0 62,9 88,3 11,7 105 2,29 10,4 1,70 85.5
Locarno 100 691 328 88,1 95.9 4,1 110 2,81 11,2 1,79 116,0
Locarno 200 686 319 85.4 94,3 5.7 109 2,82 11,1 1,80 116,4
Locarno 300 685 32,9 79.6 92,2 7.8 107 2.80 11.0 1,79 116,6
Locarno 400 687 28.8 59,9 91,7 83 109 2,80 11,2 1,79 1159
Locarno 500 682 24,2 52,8 91,1 8.9 106 2,81 11,2 1,78 115.8

For 1-12 see Tab. I




162-€8T :(9) 6661 ‘S# ‘VHOIAA YNNITLSOA

II1. Jakostni ukazatele zrna Zita (Uhfindves, 1997) — Quality indicators of rye grain (Uhfinéves, 1997)

ousan | Viowt | Oemort | yrpe | Podlsmaudstent | Vyrovgpst | Propisten” | Chlo, | yug | O, | popt | Tonon®
) ) ® ) %) %) ® ) %) - ®.3)
D. Nowe 300 763 42,7 87.3 98,1 1.9 121 2,74 11,8 1,44 1214
D. Nowe 400 756 40,5 91,3 97,3 2,7 128 2,76 11,8 1,45 120,5
D. Nowe 500 737 38,6 72,1 91,5 8,5 126 277 11,9 1,45 1204
Rapid 100 726 35,6 89.9 92,6 74 134 3,18 11,6 1,38 121,7
Rapid 200 728 34,8 80,3 93,1 6.9 130 3,20 11,8 1,38 123,6
Rapid 300 724 354 T 91,1 8,9 123 3,22 11,6 1,39 122,7
Rapid 400 719 31,3 64,0 90,5 9,5 128 3.21 11,7 1,40 121,5
Rapid 500 718 28.5 57,0 90,7 9,3 132 3,20 11,6 1,40 120,6
Marder 100 722 35,5 78,0 92,8 72 128 3,19 11,3 1,45 124,7
Marder 200 728 36,3 71,5 91,6 8.4 126 3,20 11,3 1,47 125,0
Marder 300 723 36,5 71,8 89,9 10,1 125 3,23 11,2 1,47 123,0
Marder 400 718 324 58,1 90,6 9,4 130 3,22 11,0 1,46 124,6
Marder 500 719 29.5 56,6 90,2 9.8 131 3,21 11,0 1,46 125,7
Locarno 100 716 33,7 80,1 89.8 10,2 140 3,18 11,2 1,39 118,8
Locarno 200 716 33,5 78,7 87,7 12,3 139 3,17 11,1 1,39 119,6
Locarno 300 712 32,9 74,4 89,5 10,5 143 3,17 14 1,38 118,8
Locarno 400 713 30,5 61,4 87,7 12,3 138 3,16 10,9 1.38 118.5
Locarno 500 712 30,2 57,9 85,4 14,6 139 3,17 10,9 1,39 119,1
For 1-12 see Tab. |
IV. Priub&h pocasi (Uhfinéves) za vegetaéni obdobi 1995 a7 1997 a dlouhodoby primér — Weather pattern (Uhfinéves) for the growing season 1995 to 1997 and long-time average
Dlouhodoby primér? 1995 1996 1997
Mesic! primérna teplota’ iihrn srazek? priméma teplota tihrn srazek primérna teplota thrn srazek primérna teplota Ghrn srazek
(°C) (mm) (°C) (mm) (°C) (mm) [§S) (mm)
4. 8.2 46 9.5 41,2 9,5 234 6,3 35:1
5% 13,4 65 13,7 115,2 12,4 169,7 14,6 25,7
6. 16,3 74 154 89,4 16,8 110,6 17,0 84,1
74 18,2 74 21,1 32,6 16,6 105,7 17,0 110,2
8. 17,5 72 18,7 99,3 17,5 57.5 19,5 60.5
9. 14,0 49 12,8 89,2 10,7 489 48

. 3 L P
'month, 2long-umc average, “average temperature, sum of precipitation




u hustgich porosti s vysevkem 400 a 500 obilek klesly.
Vliv mnoZstvi vysevu na velikost obilek se projevil
i pfi tfidéni na sitech, kdy pfi vys$Sich vysevcich byl
v&tsi podil zadinovitého zrna (propadu pod sitem 2,0 x
22 mm).

V roce 1996, kdy jsme vedle kontrolni populacni
odridy Dankowskie Nowe sledovali tfi hybridni odra-
dy zita (Rapid, Marder a Locarno), se u objemové
hmotnosti, HTZ, podilu pfedniho zrna a propadu pro-
jevily stejné tendence jako v roce minulém (tab. II).
Obilky vSak byly v tomto roce s ohledem na pribéh
poc¢asi men§i, s niz§i hmotnosti u viech sledovanych
odrad. Nepriznivé pocasi se projevilo také v nizké ob-
jemové hmotnosti, kterd nedosdhla ani u jedné ze sle-
dovanych odriid poZadované hranice pro zakladni jakost,
4. 730 gI7".

V pokusném roce 1997 byly popsané tendence vlivu
mnoZstvi vysevu na troveii znakt hmotnosti zrna a po-
dilu na sitech opét potvrzeny (tab. III). Hybridni odra-
dy Rapid a Marder dosahovaly v objemové hmotnosti
jen hodnot kolem 720 g.l_l, hybrid Locarno doséhl
hodnot jeste nizSich. Stejné tak byla u této odrady nej-
niz§i HTZ a nejvyssi podil propadu. U kontrolni odra-
dy Dankowskie Nowe byla objemova hmotnost, HTZ
i podil pfedniho zrna vyssi nez u hybridnich odrad.

Z vysledki je patrny piedev§im vliv zplisobu pésto-
vani na korelace mezi poétem odnoZi a poétem zrn
v klasu, mezi poctem zrn v klasu a HTZ a na jakostni
znaky zrna Zita. I tyto vysledky jakostnich kritérii po-
tvrzuji zverejnéné optimdlni vysevky pro zaloZeni nej-
vynosnéjSich porosti (Capouchova et al., 1998). Vy-
znamnym doplnénim téchto poznatkl je, Ze soucasné
tyto doporucené vysevky pfinaseji i pozadovanou ja-
kost. Pro odridu Dankowskie Nowe se ukazal jako nej-
vhodnéjsi vysevek 400 obilek, pro hybridni odrady zita
200 az 300 obilek ve vztahu k podminkdm pokusu.

Vysvétleni dosazenych hmotnosti obilek v poros-
tech z niz§ich vyseva by bylo mozné odvodit z tzv.
zdkona kompenzace vynosovych prvku, kdy pfi vy$s§im
poctu rostlin ¢i klasu klesd hmotnost obilek (Petr et al.,
1984). V nasem pfipadé viak musime uvazit cely pro-
ces formovani vynosovych prvka v porostech z riz-
nych vysevi od poéatku vegetace, kdy se v fidSich po-
rostech formovaly rostliny s mohutnéj$§im kofenovym
systémem i asimila¢ni plochou a kdy na jeden zaloZeny
kvitek a na jednu tvorici se obilku pfipadla vétsi asimi-
lacni plocha. To povazujeme za redln&jsi pficinu zjis-
ténych hodnot velikosti, resp. hmotnosti obilek.

Vlastnosti sacharido-amylazového komplexu, cha-
rakterizované Cislem poklesu, byly v jednotlivych po-
kusnych letech vlivem po&asi zna¢n& rozdilné. Nejvyssi
hodnoty ¢isla poklesu byly zjistény v roce 1995 (300 az
343 s). Naproti tomu v roce 1996 byly hodnoty Cisla
poklesu nejnizsi (74 aZ 110 s), a nedosahovaly tak mi-
nimadlniho pozadavku pro zdkladni jakost (120 s), pfi-
¢emzZ u hybridu Rapid ani pro zavaznou jakost (80 s).
V roce 1997 se hodnoty &isla poklesu pohybovaly t&sné
nad minimalni hranici pro zdkladni jakost, tj. v rozmezi
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120 az 143 s. Cislo poklesu charakterizuje miru naru-
Seni sacharido-amyldzového komplexu zrna porasta-
nim, a to i porastanim skrytym. Na to ma nejvétsi vliv
prubeh pocasi, resp. mnozstvi srazek v obdobi dozra-
véani, coZ se prokazalo i v naSich pokusech. V roce
1995 byl velmi suchy Cervenec (32,6 mm srazek oproti
74 mm dlouhodobého priméru), v roce 1996, kdy byly
hodnoty ¢isla poklesu nejnizsi, byly srazky v cervenci
siln¢ nadprimérné (105,7 mm). Rovnéz v roce 1997,
kdy byly opét hodnoty ¢isla poklesu nizké, byly Cer-
vencové srazky vysoké (110,2 mm) (tab. 1V).

V popisech odrid od $lechtiteld jsou uvadény odri-
dové rozdily v Cisle poklesu (Weipert, 1997). V naSich
pokusech se projevily napf. v roce 1996 urgité rozdily
mezi hybridnimi odriddami (Rapid na jedné strané
a Marder a Locarno na strané druhé), v dal§im pokus-
ném roce se to vSak nepotvrdilo. Z vysledki rovnéz
nevyplyva vliv hustoty porosti na ¢islo poklesu.

K charakteristice sacharido-amylazového komplexu
patii téZ stanoveni obsahu maltézy, kterd vedle vlastni-
ho obsahu v obilce vznika i amylolyzou a miZe pfi vy-
sokych hodnotéach téz prozrazovat urcity stupef porost-
losti (Hampl, 1988). V naSich sledovanich byl v roce
1995 obsah maltézy vyrovnany, s hodnotou pod 2,5 %,
coZ je obsah normalni, jak uvadi Havlena (1953) v roz-
mezi 1,8 az 2,5 %. Koresponduje to i s hodnotami ¢isla
poklesu. V roce 1996 byl obsah maltézy normalni
u odridy Dankowskie Nowe (2,10 az 2,17 %) a u hyb-
ridu Marder (2,29 az 2,31 %), u hybridid Rapid a Lo-
carno byl obsah maltézy zvySeny. V roce 1997 byl ob-
sah maltézy mirné zvySeny u odridy Dankowskie
Nowe (2,74 az 2,77 %), znatné zvySeny pak byl
u vsech tii hybrida (3,16 az 3,23 %). I kdyz se zde
projevuje jista odridova rozdilnost, nedomniva se Ma-
téjovsky (1947), ze obsah maltozy je odradovou vlast-
nosti. Vidi ji hlavné ve vlivech vnéjsich, zejména ve
vlivu podasi v dobé dozravéni. Diastatickd mohutnost,
vyjadifend obsahem maltozy, je dulezitym znakem pe-
kaiské jakosti a souvisi s viskozitou. V naSem piipadé
jsme v8ak méli v roce 1996 nejnizsi hodnoty ¢&isla po-
klesu, ale ne nejvy$si obsahy maltézy, zatimco v roce
1997 byly hodnoty &isla poklesu vyS§i a obsah malt6zy
byl nejvyssi. Zda se, Ze zde hral roli jesté destivéjsi
gervenec roku 1997 a mirné vyssi teploty, které mohly
urychlovat amylolyzu.

Obsah bilkovin byl pomérné vyrovnany ve vSech tiech
letech. V roce 1995 byl zjistén vyssi obsah bilkovin u po-
pulacni odridy Dankowskie Nowe, v nasledujicich dvou
letech se v3ak jiz takovy rozdil neprojevil. RovnéZ neni
patrna zména obsahu bilkovin vlivem rizného mnozstvi
vysevu. Uvedené obsahy bilkovin jsou pfiznivé a mirné
nadprimérné, protoZe dlouhodobé primérné obsahy se
pohybuji v Cechach okolo 10,4 % (Mat&jovsky, 1947;
Havlena, 1953), v fepai'ské oblasti pak podle rozbori z let
1984 az 1987 v rozmezi 10,2 az 10,7 % (Hyza, 1990).

Tvrdost obilek v Brabenderovych jednotkach nazna-
Cuje jednak jisté odrudové rozdily, ale také uréity vztah
k hodnotam Ccisla poklesu. Nejvyssi tvrdost obilek byla
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V. Jakostni ukazatele Zitnych mouk — Quality indicators of rye flours

- — Kalibeat® 6Mouka V)"raiko7vﬁ" T 500— . Mouka chleboY;iS T 930 - ‘ cglkol;i l:,lfltsinosg Vytéznost pol;::n,f:,i .
(%) vlhkost popel vytéZnost vlhkost popel Cislo poklesu vytéZnost podle Mohse!!
(%) (%) (%) (%) (%) ®) (%) i Ve
1995 D. Nowe 0,1 12,0 0,40 40,1 11,2 1,02 312 33,0 73,1 7.1 0,71
Rapid 1:d 13,7 0,40 37.8 13,3 0,90 334 27,5 65.3 23 0,65
D. Nowe 4.8 14,2 0,32 30.3 13,9 0,70 146 238 54,1 351 0,51
1996 Rapid 4,7 14,2 0,39 30,5 13,7 0,79 130 32,0 62,5 35 0,59
Marder 57 143 0,38 32,3 13,8 0,72 136 29,3 61,6 5.6 0,55
Locarno 5,0 14,8 0,32 31,3 14,4 0,68 135 25,5 56,8 6.8 0,50
D. Nowe 0,9 12,1 0,44 35,5 11,6 0,78 148 37,1 72,6 12,6 0,61
1997 Rapid 0,5 12,8 0,43 36,3 12,3 0,85 154 35,5 71,8 9,8 0,64
Marder 0,3 12,5 0,39 36,3 12,1 0,77 156 32,8 69,1 11,1 0,58
Locarno 0,3 12,5 0,45 36,2 12,0 0,79 149 33,7 69,9 10,9 0,62
lye:xr. 2variety, 3calibrate, "superﬁne flour, *bread flour, moisture, "ash, Ryield, 9falling number, '*total yield of flours, lIyield after Mohse, I2averzlge ash of flours
VI. Amylografické hodnoceni — Amylographical evaluation
Rok! 1995 1996 1997
Odriida® D. Nowe Rapid D. Nowe Rapid Marder Locarno D. Nowe Rapid Marder Locarno
Maximum? (a. j.) 990 910 435 340 390 300 690 680 830 720
Teplota poéiteéni* (°C) 25 25 25 25 25 25 25 25 25 25
Teplota pii maximu® (°C) 71 172 71 172 61 61 60 1/4 61 3/4 64 65 172 80 172 75 172
Stabilita mazovaténi® (b. j.) 51/4 6 3/3 4172 5 3/4 5 1/4 6 1/4 51/4 4 3/4 33/4 4 1/4

2 . 3 . % 5 % oge i
lye:u-. variety, “maximum, 4sta.nmg temperature, su:mpcratum at maximum, "smblhly of gelation
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VIIL Vysledky pekaiského pokusu — Results of baking trial

Rok' 1995 1996 1997

Odrida® T 930" | D.Nowe | Rapid T 930" | D.Nowe | Rapid Marder | Locarno | T 930" | D.Nowe | Rapid Marder | Locarno
Mémy objem peciva® (cm*/100 g) 189 128 154 280 291 272 276 285 245 240 238 234 236
Pomérové &islo® v/d 0,40 0,43 0,43 0,48 0,42 0,46 0,46 0,41 0,45 0,46 0,42 0,44 0,42
Chut® (body?) 2 2 2 2 2 2 2 2 3 3 3 3 3
Barva kirky® (body) 2 2 2 2 2 2 2 2 3 3 3 3 3
PruZnost stfidky’ (body) 1 1 1 ) 2 2 ) 2 3 3 3 3 3
Senzorické hodnoceni celkem® (body) 5 5 5 6 6 6 6 6 9 9 9 9 9

* kontrolni Zitnd mouka z primyslového mlyna — control rye flour from industrial mill

'yea:, zvanety, 3specnﬁc volume of baking, “ratio number, taste, “colour of crust, 7ﬂexnblhty of crumb, *sensoric evaluation in total, 9pomts

VIIL Jakostni znaky Zita z riznych lokalit (1996) — Quality traits of rye from different localities (1996)

Objemovi 4 Podil predniho 6 Obsah 8 .9 Cislo . .11 | Celkova vytéZnost | Vytéznost podle | Primérny popel
Lokalita' Odrida® hmotnost® l-goZ) zrna’ P‘(’%l bilkovin’ Tz';d‘.)s)‘ M?‘;’ )z 4| poklesu!® Ka’(',b%:;' ( mouk'? Mohsef)3 mouk
@l (%) (%) LI (s) (%) (%) (%)
Trat D. Nowe 761 36,0 59,2 1,63 9,71 123,9 2,30 204 2,1 63,7 18,7 0,46
rutnov
Locarno 761 36,3 59,8 1,60 9,33 131,6 2,34 200 2,2 62,9 24,9 0,42
i D. Nowe 730 41,2 86,1 1,59 7,28 122,9 3,03 67 0,4 65,5 5:5 0,61
Krasné udoli
Esprit 739 42,0 89,9 1,51 7,05 114,3 2,97 146 0,3 71,7 14,7 0,57
) D. Nowe 735 354 59.8 1,67 10,20 160,0 2,28 62 1.8 69.2 11,2 0,58
Horazdovice .
Esprit 664 29,4 37,3 1,75 10,72 136,4 3.40 62 13 72,2 82 0,67
i D. Nowe 757 40,0 62,7 1,58 9,28 117.4 0,94 179 0,9 71,5 13,5 0,58
Nechanice
Locarno 739 357 61,2 1,53 9.33 118,8 0,94 237 0,7 69,0 9,0 0,61

* . . . s
vzorek s velkym podilem neéistot — sample with great proportion of impurities

"ocality, 2varie(y. Jbulk density, *TGW, share of grain, Sash, 7protein content, *hardness, “maltose, mfalling number,

“calibrate, Ztotal yield of flours, 13yield after Mohse, ”average ash of flours




zji¥téna v roce 1995, kdy byly idedlni podminky pro
dozravani, naopak nizké hodnoty byly v roce 1996, kdy
bylo &islo poklesu obecné nejnizsi. Podobny vztah na-
bizeji i vysledky z roku 1997. Jak uvadi Hampl (1988),
souviseji spolu tvrdost a poSkozeni Skrobu v obilce,
coZ potvrzuji naznacené relace. Tvrdost zrna je znak
technologické jakosti, u zita vSak neni tak vyznamny
jako u p3enice, u niz md vztah i ke sklovitosti zrna,
ktera se u zita nehodnoti. V tvrdosti stoji Zito mezi
moucénatou a sklovitou psenici.

Pro hodnoceni jakostnich ukazateli Zitnych mouk
(tab. V) byly vybrany varianty hybridnich odrud (vyse-
vek 300 obilek) a odpovidajici varianta populaéni od-
riady Dankowskie Nowe (vysevek 300 obilek). Rocni-
kové rozdily zaznamenavame u mouky T 500 v obsahu
popela i vytéznosti mouky. Podobné je tomu u chlebo-
vé mouky T 930. Cislo poklesu u mouk T 930 sleduje
v jiné urovni hodnoty ¢isla poklesu u Srotu obilek.
Rozdily mezi jednotlivymi odridami nejsou vyrazné.
Vyznamnéjsi rozdily maZeme pozorovat u celkové vy-
téznosti mouk, kdy kromé roku 1996 dosdhla nejvyssi
vytéznosti odrida Dankowskie Nowe, vétsi rozdily by-
ly rovnéz ve vytéznosti podle Mohse, kde se bere
v tvahu i obsah popela.

Vyznamnou metodou k hodnoceni viskozity mouk
je amylografické hodnoceni v amylografickych jednot-
kach (tab. VI). Hodnoty z roku 1995 jsou velmi vysoké
(u odridy Dankowskie Nowe 990 a. j., u hybridu Rapid
910 a. j.) a prekracuji optimalni hodnoty, také teplota
maximalniho mazovaténi byla vy§si neZ optimalni (64 az
66 °C). Z této mouky by byl chléb suchy, s men§im
objemem. Potvrzuje se to i v pekaiském pokusu, kdy
byl objem bochni¢ku nejniZsi, pruZnost stfidky byla
hodnocena 1 bodem a senzorické hodnoceni bylo 5 bo-
di. Naopak v roce 1996, jak bylo moZné ocekavat pod-
le predchazejicich jakostnich udaja, byly dosazeny
hodnoty nejnizsi (300 az 435 a. j.), se znacné tekutou
konzistenci Skrobu a chléb by mohl byt jiz s vlhkou a
brouskovitou stfidkou. Teploty maximalniho mazova-
téni byly 61 °C. Objem peciva byl sice nejvyssi, pruz-
nost stiidky byla hodnocena 2 body, celkové senzoric-
ké hodnoceni bylo jen 6 bodid. V roce 1997 se hodnoty
amylografu pohybovaly na horni hranici optimalniho
rozmezi 680 az 830 a. j., coZ lze oznacit za pomérné
dobrou Zitnou mouku, s dobrym mérnym objemem pe-
&iva 234 az 240 cm’. Barva karky a pruznost stiidky
byla hodnocena nejlépe (3 body) a celkové senzorické
hodnoceni peciva dosahlo nejvyssiho poctu 9 bodu
(tab. VII). Prokazat, Ze nékterd z odrad vynikla v uve-
denych &iselnych tdajich, neni moZné, snad podle cel-
kového hodnoceni populaéni odrida Dankowskie No-
we a z hybridnich odrad Rapid.

Z vysledki je patrny zejména vliv pocasi v jednot-
livych pokusnych ro¢nicich na vétsinu sledovanych ja-
kostnich ukazateli Zita. Vliv odrady naproti tomu ne-
vystupuje do popredi jako napf. u pSenice. Hodnocené
hybridni odridy prokédzaly v podstaté shodné jakostni
parametry jako kontrolni populaéni odrida. Jednoznac-
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né nelze ani uvést, ktera ze sledovanych odrad je po
strance technologické jakosti lepsi.

Lze namitnout, Ze podminky nasecho pokusu, situo-
vaného v fepaiské vyrobni oblasti, nejsou pro péstovini
zita nejvhodnéjsi. Pro ndazornost uvadime vysledky ja-
kostniho hodnoceni hybridnich odrud Zita a popula¢ni
odrady Dankowskie Nowe z odridovych zkuSeben
UKZUZ v raznych lokalitich bramborafské a obilnai-
ské oblasti v roce 1996 (tab. VIII). Z téchto vysledka
je patrny rozhodujici vliv mista péstovani a aktudlniho
pocasi na vétSinu jakostnich ukazateli Zzita, zatimco
vliv odridy se stejné jako v naSich pokusech vyrazné
neprojevil.

Sledovini jakosti Zita z rGznych mist péstovani ne-
prineslo takové rozdily, abychom mohli jednoznaéné
oznacit nejvhodnéjsi podminky pro vypéstovini Zita
nejlepsi mlynaiské a pekarské kvality. Z vétSiny kritérii
se v8ak zdd, Ze je to bramboraiska vyrobni oblast, coz
potvrzuje i HyZza (1990), ktery vétinu lepSich jakost-
nich kritérii nachazel v bramboraiské oblasti. Dulezité
je. Ze tato rajonizace plati i pro hybridy Zita, které v téch-
to margindlnich obilndiskych oblastech vynosové vyni-
kaji nad ostatni obilni druhy a dosahuji standardni ja-
kosti.

Pfi srovnavini jakostnich ukazatela v jednotlivych
desetiletich od roku 1916 (Matejovsky. 1947: Havlena,
1953; Hyza, 1990) miZeme konstatovat, Ze napf. para-
metry objemové hmotnosti, HTZ, obsahu bilkovin
a maltozy c¢i popelovin jsou shodné i u dnesnich mo-
dernich odrid popula¢nich i1 hybridnich. Rozhodujici
rozdily zplsobuji v kazdém roce povétrnostni podmin-
ky, zejména v prab&hu tvorby obilky a dozravani,
a misto péstovani. )
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