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CONTENT OF ALPHA-CHACONINE AND ALPHA-SOLANINE
IN GROUPS OF POTATO VARIETIES LISTED IN THE NATIONAL
BOOK OF VARIETIES OF THE CZECH REPUBLIC

OBSAH a-CHACONINU A a-SOLANINU V ODRUDACH BRAMBORU
ZAPSANYCH VE STATNI ODRUDOVE KNIZE CR

J. Zrist, V. Horackova, V. Prichystalovd, M. Rejlkov4

Potato Research Institute, Havlickiiv Brod, Czech Republic

ABSTRACT: A field experiment was established in 1996 to 1998 with 34 Czech and 48 foreign varieties. The potatoes
were divided according to the length of their vegetation period and the differences in the SGAs content between individual
groups of the Czech varieties were compared with the foreign ones. High-performance liquid chromatography (HPLC)
was used to determine the level of alpha-chaconine and alpha-solanine in tuber samples after physiological maturation.
The SGAs content was assessed in raw unpeeled tubers, in tubers where ca 1.5 mm was peeled off and in mechanically
damaged unpeeled tubers. Before analysis the tubers were stored in a chamber at 4 °C. After mechanical injury the sam-
ples were kept for one week at ca 20 °C in darkness before analysis. In raw unpeeled tubers of the Czech varieties the
SGA; content was higher than in the foreign varieties; in the very early varieties by 24% and in the medium late to late
varieties by 55%. After peeling the SGA;s content decreased by 51.5% in the Czech varieties and by 55.1% in the foreign
varieties. After mechanical damage the content of alpha-solanine in Czech varieties increased more than alpha-chaconine
(in three years on average by 78 to 103.4% and by 48.8 to 70.4%, respectively).

Keywords: Czech potato varieties; foreign potato varieties; SGAs; alpha-solanine; alpha-chaconine; HPLC; raw unpeeled
tubers; raw peeled tubers; mechanical damage of tubers; year

ABSTRAKT: V polnim pokusu v letech 1996 az 1998 bylo péstovdno 34 &eskych a 48 zahrani¢nich odrid, u kterych
byly po fyziologickém dozrani ruéné& sklizeny hlizy. Stanoveni a-chaconinu a a-solaninu ve vzorcich hliz probéhlo
metodou vysokoucinné kapalinové chromatografie (HPLC). Byl stanoven obsah SGA;s v syrovych hlizach se slupkou,
v hlizdch po oloupani vrstvy cca 1,5 mm a v mechanicky poranénych hlizach se slupkou. Hlizy byly pfed analyzami
skladovény v boxu pfi teploté 4 °C. Hlizy po mechanickém poranéni byly pfed pfipravou vzorku k analyz4m ponechany
jeden tyden pfi cca 20 °C ve tmé&. Polni pokusy byly zakladény s cilem prokéazat rozdily v obsahu SGA; u jednotlivych
skupin domécich odrid v porovnani se zahrani¢nimi odridami. Ob& skupiny byly roztfidény podle délky vegetaéni doby
(tab. 1 aIl). U &eskych odrid byly v syrovych hlizach se slupkou zjidtény vy$¥i obsahy SGAs u skupiny odrud velmi
ranych o 24 % a polopozdnich aZ pozdnich o 55 %. U celého sortimentu sledovanych domécich i zahrani¢nich odrud se
projevila tendence k vy$§im hodnotdm SGA; vlivem vodniho stresu a vy33ich teplot, coZ jsme zaznamenali jiZ v minu-
lych pokusech (Zrust, 1997). Vzajemny pomér obsahu a-solaninu a a-chaconinu v syrovych hlizéch se slupkou u souboru
Ceskych odriad byl 1 : 1,45, usouboru zahrani¢nich odriid 1 : 1,64. Oloupénim hliz se sniZil obsah SGAs v obou
souborech odrid (tab. IV, V). Nade vysledky koresponduji s udaji, které namé&fili Kozukue et al. (1987) a potvrdili
Schulzova et al. (1992) a Kala& (1994). Pomér obsahu a-solaninu a a-chaconinu v hlizach bez slupky se sniZil;
u &eskych odrud €inil 1 : 1,32, u zahrani¢nich 1 : 1,47. Mechanickym poskozenim se v hlizach zvy3uje celkovy obsah
SGAs (tab. VI). Z jednotlivych SGAs se zvy3uje vice obsah o-solaninu (o 78 aZ% 103,4 %) neZ a-chaconinu (o 48,8 aZ
70,4 %) (tab. VII). V tab. VIII jsou uvedeny odrady, které citliv& reagovaly na mechanické poranéni hliz stimulaci tvorby
glykoalkaloidi. Skupiny odrid tfidéné podle délky vegetadni doby se navzdjem v obsahu SGAs statisticky velice
vyznamné ligily (tab. IIT a IX). Pofadf let podle vye obsahu SGAs bylo shodné jako u syrovych hliz se slupkou. Pomér
obsahu a-solaninu a a-chaconinu v hlizdch po mechanickém poranéni se u celého souboru odrid v priméru sniZil
adinil 1:1,16.

Klitova slova: ¢eské odriidy bramboru; zahraniénf odridy bramboru; SGAs; a-solanin; a-chaconin; HPLC; syrové hlizy
se slupkou; syrové hlizy bez slupky; mechanické podkozeni hliz; ro¢nik
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INTRODUCTION

Research activities are constantly focused on natural
toxic substances found largely in plants. New informa-
tion has shown that the negative effects of these sub-
stances on the human (and, in general, animal) organism
require much more attention. Such substances are also
the steroid glycoalkaloids (SGAgy) in potatoes (Solanum
tuberosum L.).

Glycoalkaloids are indicated as a group of substances
which contain the steroid alkaloid bound to oligo- or mono-
saccharide as the aglycon (the non-sugar part). More
than 20 of these compounds are known, of which 10 were
found in potatoes. The alkaloids contained in them are
often given the common name solanine. According to
present information the solanine complex includes alto-
gether six substances: alpha-, beta-, gamma-solanine and
alpha-, beta-, gamma-chaconine which have one common
aglycon — solanidine (solanide-5en-33-ol). Next to alpha-
solanine the most important glycoalkaloid is alpha-cha-
conine. In cultural potato species together they represent
about 95% of the total content of glycoalkaloids. Details
have been given in recent studies, e.g. Maga (1994),
Friedman, McDonald (1997), and it is quite evident that
interest in potato SGAs is constant.

We concentrated our attention to the SGAs content in
raw unpeeled tubers of the entire assortment of varieties
listed in the National Varietal Book of the Czech Republic.
Our aim was to find the differences in the SGAs content
in the respective groups of domestic varieties compared
with foreign varieties assorted according to the length of
their vegetative period. At the same time we studied the
SGA; content in raw peeled tubers. The alpha-chaconine
and alpha-solanine content in mechanically damaged tu-
bers was determined in all the domestic varieties.

MATERIAL AND METHODS

Field experiments were conducted in 1996 to 1998 at
the experimental station in ValeCov with the potato vari-
eties based on the length of the vegetation period (Tab. I).

The total list of Czech varieties also included three
Slovakian varieties, two of them early and one medium
early. Out of the varieties planted in the respective years,

Survey of potato varieties

Gitgiigof 1996 1997 1998
varieties total | Czech| total | Czech| total | Czech
Very early 17 8 18 ; 19 6 ]
Early 22 11 27 12 30 12
Medium early 23 8 24 8 25 9
ML-L" 20 10 25 10 29 11
Total 82 34 94 35 103 38

* varieties from the group of medium late to late
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one approved variety was restricted in 1997 and 12 in
1998. In our experiments we continued to plant these va-
rieties in order to obtain three-year results.

In autumn, the field was fertilised with 35 t.ha™ of farm
manure, in spring we applied mineral nutrients, i.e.
N 80 kg, P 40 kg, K 80 kg.ha™ as combined NPK pelleted
fertiliser. The stands were protected against phytophtho-
ra fungi with six to seven sprays (based on the incidence
in the respective years — more sprays were applied to va-
rieties with the longest vegetation). Manually we dug
out tubers as samples for SGAs determinations gradu-
ally, as the individual varieties physiologically matured.
Tubers were stored in darkness at 4 °C until their pro-
cessing or further handling.

In 1996 mechanical tuber damage was conducted in
a drum made specially for this purpose. During 5 minutes
in the drum the tubers fell 19 times from a height of 1 m
onto steel bars. In the two following years the tubers
were damaged with a PSW 70 hammer pendulum appara-
tus (made in the former GDR — Gall et al., 1967). Various
parts of the tuber were hit with hammers of 7.1 mm
(0.4 cm®) diameter. The energy of the impact ranged be-
tween 150 and 160 mJ. After mechanical injury the
samples were kept for one week at ca 20 °C in darkness
before analysis.

For tuber analyses we selected whole medium-sized tu-
bers, both unpeeled and manually peeled (totally 15 tu-
bers, one tuber per hill). SGAs was determined using
high-performance liquid chromatography (HPLC) modi-
fied by Kobayashi et al. (1989), and taking into consider-
ation also other experience (Kvasni¢ka et al., 1994). Zrtist
(1997) presented details about the analyses. Our proce-
dure was the same.

RESULTS AND DISCUSSION
The content of SGAs in raw unpeeled tubers

In the groups of varieties grown in the Czech Repub-
lic in 1996 to 1998 and divided according to the length of
their vegetation period (Tab. II) we found somewhat
higher levels than Van Gelder (1989). He determined the
SGA; level in 521 potato samples from eight countries
(from Australia, through New Zealand, India, the Nether-
lands to the USA) and found that the most frequently oc-
curring levels of SGA ranged between 50 and 60 mg kg™
of fresh weight of tubers, but often contents of 40, 70 and
80 (90) mg kg™ were found. These levels appeared in the
majority of varieties from improved cultural potato spe-
cies. The level of alpha-chaconine + alpha-solanine then
ranged below the admissible limit of 200 mgkg™” of fresh
weight of tubers. This limit was set down in some coun-
tries (e.g. the USA, Sweden), including the Czech Repub-
lic (Decree of the Czech Ministry of Health No. 298/1977
of the Law Gazette).

The higher levels of SGAs found in the present study
were obviously affected by the weather, particularly in

ROSTLINNA VYROBA, 46, 2000 (11): 481-486



1. SGAs content in mg.kg™" of fresh weight of raw unpeeled tubers of Czech and foreign cultivars (the 1996-1998 average)

Group of Number of a-chaconine a-solanine Total SGAs
; Provenance .
cultivars cultivars b3 S ¥ S X S
Czech S 50.82 12.99 3941 9.49 90.23 22.09
Very early )
foreign 12 4528 15.98 2325 11.41 68.53 25.78
Eal Czech 11 46.55 15.88 28.95 12.68 75.50 25.59
arly :
foreign 12 4742 24.73 2944 2227 76.86 4532
; Czech 8 49.44 21.75 34.60 21.717 84.04 54.80
Medium early "
foreign 14 55.28 36.63 38.49 33.48 93.77 69.33
Medium late to Czech 10 74.08 47.13 4921 35.11 123.29 81.10
late foreign 10 42.46 18.61 25.08 12.79 67.54 30.58

the first and second year of the experiment. The 1998 lev-
els were more than one half lower. The differences among
the respective years were highly significant (Tab. III).
In the first two years there was not much rainfall during
the establishment of the experiment and tuber growth,
the potato plants were frequently exposed to stress cau-
sed by lack of water. On the other hand, the tempera-
tures were higher and sunshine longer in 1996 and 1997
than in 1998. It was again found that water stress and
higher temperatures tend to increase the content of
SGAs (Zrust ,1997).

I1I. Analysis of variance of SGAs content in raw unpeeled tubers

3:;;?"3? df | Sumofsquares| F-values | Significance|
Replication 2 0.508 0.024
Earliness” (A) | 3 4192646 | 130164 ¥
Provenance (B)| 1 4950.124 I 461.040 2
Years (C) 2 58937.046 | 2744.613 e
AxB 3 11 582.719 359.594 **
AxC 6 27636.419 428.996 i
BxC 2 15.521 0.723
AxBxC 6 4798.031 74.479 X
Residue 46 493.895

Total 71 | 112 606.909

* variety groups according to maturity (carliness)
** significant at 0.01 probability level

Comparisons between Czech and foreign varieties
grown in the Czech Republic showed that, on average,
the SGAs levels in Czech varieties were statistically
highly significantly higher (Tab. III). The groups of Czech
early varieties are on a comparable level. The total SGAg
levels were higher in the medium early foreign varieties.
On the other hand, the total levels of SGAs in the very
early Czech varieties were about one third higher, par-
ticularly the alpha-solanine content. The worst results
were found in the group of Czech medium late and late
varieties where the contents of both alpha-chaconine and
alpha-solanine were double the content of the foreign va-
rieties.

The alpha-solanine : alpha-chaconine ratio in tubers
was 1:1.45 and 1 : 1.64 in the Czech and foreign varieties,
respectively, which corresponds with the majority of lite-
rary data. According to Panovska et al. (1994) it ranges
between 1.2 and 2.7 and according to Pfichystalova-
Fialkova et al. (1999) between 1.32 and 1.77 in potato va-
rieties grown in the Czech Republic.

The content of SGAg in peeled tubers

In this case not only the skin (periderm) was removed,
but the whole cork layer, or the part that is peeled. The
results are given in Tab. IV. In peeled tubers the SGAg
content was lower. Tab. V gives the concrete values and
reduction in per cent. In Czech varieties peeling reduced

Significant differences
earliness : mean Tukey provenance mean Scheffe years mean Tukey
ML-L i 95.41 5%2.92 Czech 9326 5% 1.54 1996 108.21 5%2.29
ME { 8891 1% 3.60 foreign 76.68 1%2.05 1997 102.02 1%2.90
VE i 79.38 1998 44,66
E | 76.18
Variety groups according to maturity:
VE = very early
E = early
ME = medium early
ML-L = medium late to late
ROSTLINNA VYROBA, 46, 2000 (11): 481-486 483



IV. SGAs content in mg kg™ of fresh weight of raw peeled tubers of Czech and foreign cultivars (the 1996-1998 average)

) Number of a-chaconine a-solanine Total SGAs
Group of cultivars | Provenance ; N —
cultivars X E X S X S
- Czech [ 5 15.42 5.61 13.70 7.13 29.12 12.61
S foreign 12 11.02 8.13 6.05 261 17.07 10.10
i Czech 11 17.22 6.30 9.08 4.42 26.30 10.32
arl
¢ foreign 12 24.44 20.02 14.48 12.40 3892 3146
. Czech | 8 23.24 17.29 19.62 21.01 42.86 37.80
Medium early .
foreign 14 20.29 20.21 16.46 18.50 36.75 38.60
Czech 10 34.19 26.03 26.03 25.17 60.22 50.03
Medium late to late . H
foreign 10 14.61 7.77 10.88 6.62 | 25.49 14.30
V. Decreased content of SGAs in mg.kg™' of fresh weight and in % after peeling (the 1997-1998 average)
A Number of a-chaconine a-solanine Total SGAs
Group of cultivars | Provenance A - =
cultivars £ % ¥ [ % % %
Czech 5 17.06 52.54 10.50 43.39 27.56 48.63
Very early i
foreign 12 18.44 62.57 10.11 62.21 2855 62.44
- Czech 11 19.42 53.29 15.39 62.31 34.81 56.93
ar|
¥ foreign 12 12.53 33.89 14.89 50.70 27.42 4133
. Czech 8 2332 48.65 15.85 43.46 39.17 46.41
Medium early i
foreign 14 2392 54.12 17.30 51.23 4122 52.87
. Czech 10 40.57 55.35 26.80 52.94 67.37 54.36
Medium late to late :
foreign 10 28.74 66.30 1635 | 60.07 45.09 63.89

the level of alpha-chaconine, on average, by 25.09 mg kg™,
i.e. by 52.5% and alpha-solanine by 17.13 mg.kg™”,
i.e. 50.5%. In foreign varieties the level of alpha-chaco-
nine decreased by 20.91 mg.kg ' and alpha-solanine by
14.66 mgkg™, i.e. 50.5 and 56.0%, respectively. In all the
groups of Czech and foreign varieties the reduction in
the level of SGAs in tubers after peeling was statistically
highly significant. These results correspond with data
presented by Kala& (1994) who studied the distribution
of SGA; in tubers of six varieties and found that the skin
contained 83 to 96%, the cork layer 3 to 14% and the
pulp 1 to 3% SGAs. Similar conclusions were published
by Schulzova et al. (1992) who found that the superficial
tuber layers (skin and cork layer) contain about 65% of
SGA;s. Kozukue et al. (1987) found that the content of
SGA; in peeled tubers decreased by about 65%.

The ratio between the alpha-solanine and alpha-cha-
conine content in peeled tubers also decreased; it was
1:1.32 and 1 : 1.47 in the Czech and foreign varieties,
respectively.

The content of SGAg in tubers after mechanical
damage
Mechanical damage increases the total SGAg content

in tubers (Tab. VI). In terms of the respective glycoal-
kaloids, the content of alpha-solanine increased much
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more (in a three-year average from 78% in the group of
medium late to late varieties to 103.4% in medium early
varieties). The content of alpha-chaconine increased from
46.3% in the group of medium late to late varieties to
70.4% in medium early varieties (Tab. VII). The level of
SGAs in the very early and early varieties increased
within this range.

The damaging is obviously responsible for the initia-
tion of SGA;s synthesis in the stressed tuber tissues.
During healing the defensive mechanism against patho-
gens is probably mobilised. The extent of the damage is
also influenced by the temperature and tuber size. The
rate of growth of the SGAs content is dependent on the
type of damage, on the variety and on other storage
conditions. E.g. Olsson (1986) reported that clones with
a smaller increase in the SGAs content after tuber injury
can be selected. For this a rebound pendulum can be
used. In trials with this apparatus Gall et al. (1996) con-
firmed a significant correlation between the energy ab-
sorbed by the tuber after the impact, the pendulum index,
and susceptibility to harvest damage. Earlier we drew at-
tention to the fact (Zriist, 1997) that in the case of tuber
damage the interactions could be specific, often more im-
portant than the variety. In Tab. VIII there are presented
varieties, which sensitively responded to mechanical tu-
ber damage by stimulation of glycoalkaloid formation.

The differences in the SGAs content among the re-
spective groups, divided according to the length of the

ROSTLINNA VYROBA, 46, 2000 (11): 481-486



VL. SGAs content in mg.kg™" of fresh weight in mechanically damaged potato tubers of Czech and foreign cultivars (the 1996-1998
average)

Group of cultivers hil:l?:ﬂzr:f - a-chaconine . - a-solanine - - Total SGAg =

Very early 5 82.34 16.57 79.18 1821 | 16152 34.01
Early 11 69.29 27.75 . 58.36 18.95 127.65 46.03
Medium early 8 8425 3793 ; 70.39 37.78 154.64 73.14
Medium late to late 10 108.41 61.14 | 87.60 53.06 196.01 110.97

VII. Increased content of SGAs in mg.kg ™' of fresh weight and in % in mechanically damaged potato tubers of Czech cultivars (the
1996-1998 average)

. Number of a-chaconine a-solanine Total SGAs
Group of cultivars ) T r
cultivars X | % X % X %
Very early S 3152 | 62.0 39.77 100.9 71.29 79.0
Early 11 2274 48.8 2941 101.6 52.15 69.1
Medium early 8 34.81 704 35.79 103.4 70.60 84.0
Medium late to late 10 3433 46.3 3839 78.0 7272 | 59.0

VIIL. Czech varieties with sensitive reaction to mechanical tuber damage by increase in SGAs content (the 1996-1998 average)

Increase in mg.kg™" of fresh weight and in %
Variety Earliness a-chaconine a-solanine total SGAs
mgkg! | % mgkg' | % mgkg”' %

Kora VE 50.82 | 759 59.06 [ 1123 109.88 89.3
Koruna VE 3273 814 34.65 1272 67.38 100.2
Vilma E 7.15 323 2231 200.6 29.46 104.9
Livera E 40.56 80.1 58.77 181.5 99.33 133.5
Korneta B 47.69 99.3 45.85 249.8 93.54 142.7
Karla E 81.05 1 108.1 61.63 241.7 142.68 156.7
Lomnica ME 36.45 579 49.93 125.8 86.38 83.7
Svatava ME 56.35 872 31.00 88.8 87.35 873
Dita ME 18.90 91.2 18.02 152.8 36.92 106.7
Lada ME 68.64 327.5 61.20 5572 129.84 447.6
Oreb ML-L 34.16 69.2 21.95 89.7 56.11 75.8
Téabor ML-L 58.57 66.2 74.48 87.6 133.05 76.6
Borka ML-L 11.77 60.9 15.10 ! 1134 26.87 81.2
Javor ML-L 56.05 68.3 73.08 ‘ 100.0 129.13 80.4
Zlata ML-L 18.71 492 27.16 148.1 45.87 832
Boubin ML-L 2832 81.0 36.35 2125 64.67 141.7

vegetation period, were statistically highly significant ~ Acknowledgement
(Tab. IX). The sequence of the years based on the SGAs

content was the same as for raw unpeeled tubers. The authors wish to express their thanks to the Czech
The alpha-solanine : alpha-chaconine ratio in tubers  Ministry of Agriculture for their financial support pro-
decreased after mechanical injury to 1 : 1.16. vided through the NAZV for project No. EP0960006563.
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IX. Analysis of variance of SGAs content in mechanically damaged
raw unpeeled tubers

3:;:;;3?& df. ‘ Sum of squares |  F-values iSigniﬁcance
Replication | 2 | 46186 |  4.238 } *
Earliness’ (A) | 3 | 21365487 | 1307.021 ”
Years(C) | 2| 93112758 | 8544.179 |  *x
AxC | 6| 63115463 | 1930526 |
Residue | 2 119.876 i

Total | 35 | 177759.770 |

* variety groups according to maturity (carliness)
* significant at 0.05 probability level

Significant differences
carliness mean Tukey years mean Tukey
ML-L 196.01 | 5%3.04 1996 208.55 | 5%2.38
VE 161.52 | 1%3.83 1997 181.58 | 1%3.07
ME 154.64 | 1998 89.74 |
E 127.66 |
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VLIV ROZDILNYCH EKOLOGICKYCH PODMINEK PESTOVANI
NA STOLNI HODNOTU HLiZ BRAMBOR

THE EFFECT OF DIFFERENT ECOLOGICAL CONDITIONS OF GROWING
ON COOKING QUALITY OF POTATO TUBERS

B. Vokz’lll, K. Hamouzz, J. ("Iepll

;Potato Research Institute, Havlickiv Brod, Czech Republic
Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: In the study, there was investigated cooking quality and its components (raw and cooked potato appear-
ance, tuber odour after cooking, tuber flavour, durability of tuber colour after cooking, flesh firmness and sloughing) in
potato tubers grown in various soil climatic conditions of traditional potato-growing production region (higher regions)
and in warmer, more yielding, mainly beet-growing production region (lower regions). Exact field trials with five potato
varieties (early Karin, semi-early Agria, Korela, Rosella and Santé) were carried out in 1995 t01997 on six locations in
higher regions and on six ones in lower regions (Vokal et al., 1999). Tuber samples removed at harvest were stored under
uniform conditions, and cooking quality was determined using the method described by Zadina, Jermoljev (1976) in De-
cember of each harvest year. Averaged over workplaces and years, annual mean temperature was higher by 1.8 °C (26.5%),
during vegetation by 2.1 °C (16.2%) in lower regions. As regard to annual rainfalls, difference was 111 mm (19.6%),
during vegetation 70 mm (16.2%) in favour of higher regions. Decisive influence of year was proved, which significantly
affected total cooking quality, raw and cooked potato appearance, odour and flavour. Influence of variety was not unam-
biguous (statistically significant influence was observed in decisive characteristics, i.e. total cooking quality, cooked pota-
to appearance, odour and flavour). Relatively, the best position was found in the Karin variety (cooking type B-BA).
The region statistically significant expressed all indices except raw tuber appearance and odour, namely (evaluated over
three years) always in favour of lower regions. Total cooking quality reached in this case 61.42 scale points and was
better by 6.2%. In relation to flavour, total cooking quality reached 21.28 scale points (better by 4.7%). Comparing
mentioned results with information available, we found that similar work studying influence of different locality condi-
tions is not at disposal. Expectation was not fulfilled (Hrutka, 1974; Mi&a, 1988) that in growing of table potatoes in
lower regions with lower rainfalls and particularly in warmer regions, final cooking quality would be worse. This expecta-
tion is probably associated with the presupposition that tubers in these regions will have higher starch (dry matter)
content and it could be expected worsening of cooking quality. It is interesting that this presupposition was not also
fulfilled, then on average dry matter content was higher (21.67%) in lower regions, but non-significant only by 0.18% of
dry matter (Vokal et al., 1999). In 1997, when the highest level of this character was found, there was also observed the
highest tuber dry matter content. From results it is apparent that production of quality table potatoes is also possible in
regions of the Czech Republic, former intended for growing of very early potato varieties, for first early consumption.

Keywords: potatoes; cooking quality; location; variety; year

ABSTRAKT: V praci byla sledovéna stolni hodnota a jeji slozky (vzhled syrovych a vafenych hliz, viiné hliz po uvafeni,
chut’ hliz, trvanlivost barvy po uvafeni, pevnost duZniny a rozvéfivost) u hliz brambor vypé&stovanych v rozdilnych
pidné-klimatickych podminkach tradi¢éni bramborafské zemé&délské vyrobni oblasti (vy33i oblasti) a v teplejsi, Grodn&j3i,
predevsim fepafské zemé&délské vyrobni oblasti (niZsi oblasti). Pfesné polni pokusy s péti odridami (rané Karin, polo-
rané Agria, Korela, Rosella a Santé) prob&hly v letech 1995 aZ 1997 na 3esti stanovistich ve vy33ich a na 3esti stanovistich
v niZsich oblastech (Vokal et al., 1999). U vzorki hliz odebranych pfi sklizni a skladovanych za jednotlivych podminek
byla vzdy v prosinci skliziového roku zjitovana stolni hodnota podle popsané metody (Zadina, Jermoljev, 1976).
V priméru pracovist' a let byla v niZ3ich oblastech priimérna ro&ni teplota vy33i o 1,8 °C (26,5 %), ve vegetaci pak 0 2,1 °C
(16,2 %). V ptipad& Ghrnu roénich srazek &inil rozdil 111 mm (19,6 %), ve vegetaci 70 mm (16,2 %) ve prosp&ch vy3sich
oblasti. Potvrdil se rozhodujici vliv ro€niku, ktery vyznamné& ovlivnil celkovou stolni hodnotu, vzhled syrovych
a vafenych hliz, vini a chuf. Vliv odridy nebyl zcela jednozna&ny (statisticky vyznamny vliv byl v3ak zjistén
u rozhodujicich znaku, tj. u celkové stolni hodnoty, vzhledu vafenych hliz, vin& a chuti). Relativné nejlepi postaveni
bylo zaznamenéno u odridy Karin (varny typ B-BA). Oblast se projevila statisticky vyznamné u viech ukazateli
s vyjimkou vzhledu syrovych hliz a viing, a to (pfi hodnoceni pruméru tfi let) vzdy ve prosp&ch niz3ich oblasti. Celkova
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stolni hodnota ¢&inila v jejich pfipadé 61,42 bodu a byla 0 6,2 % lepsi. V pfipadé chuti pak 21,28 bodu (o 4,7 % lepsi).
Pokusy prokazaly, Ze niZ3i, tepleji a Girodn&j§i oblasti maji pfedpoklady pro produkci kvalitnich konzumnich brambor

i pfes relativni nedostatek srazek.

Kli¢ov4 slova: brambory; stolni hodnota; stanovi$té; odrida; roénik

UVOD

Uroveii stolni hodnoty patfi u konzumnich brambor
k nejdulezit&jsim kvalitativnim ukazateltim. Stolnf hodno-
tu ovliviiuje pfedeviim odriida, stanovistni podminky,
agrotechnicka a fytopatologicka opatieni ve vegetaci
a zasahy v priib&hu sklizng, trzni Gpravy a skladovani.
Stolni hodnota je vyslednici urovné fady ukazatell, ke
kterym patfi pfedevsim vzhled syrovych a vaienych hliz,
viing, chut’, pevnost, rozvéfivost, tmavnutf hliz po uvateni
(trvanlivost) apod. Hodnocen je i varny typ (A, B, C, D),
ktery je predeviim informaci pro spotfebitele o vhod-
nosti odriidy pro jednotlivé zptisoby kuchyiiského zpra-
covani a vyuZiti.

Rozhodujici vliv odridy (Storkova, 1997) a dalich
faktori souvisi pfedevsim s obsahem $krobu, susiny,
dusiku, drasliku a ptipadn& dal3ich latek v hlize (Prugar
etal., 1977; Mica, 1990). Mi¢a (1990) zjistil negativni ko-
relaci mezi chuti brambor a obsahem su§iny a $krobu,
naproti tomu pozitivni vliv vy3§iho obsahu N a K v hlize.
Optimum poméru N : K v hlize byva udavéano pro roz-
mezi 1 : 2,5 aZ 2,7. Posun tohoto poméru vede ke zhor-
$eni chuti hliz (Mi¢a, 1988).

V CR byla rozhodujici plocha konzumnich brambor
tradiéné soustfedéna ve vyssich polohach, tj. v brambo-
rarské zemé&de&lské vyrobni oblasti (dale jen vy3si oblasti).
V niZ8ich, teplejdich a Grodnéjsich poloh4ch, tj. zejména
v fepafské zem&delské vyrobni oblasti (déle jen nizsi
oblasti), byly pfevaziné pé&stovany brambory pro nej-
rangj§i konzum. Za hlavni diivod tohoto stavu byly
povaZovany pfedeviim klimatické faktory, které v bram-
borarské zemé&dglské vyrobni oblasti (Hruska et al., 1974)
vice vyhovuji potfebdm tohoto rostlinného druhu.
Citovany autor konstatuje, Ze pro p&stovani brambor
vyhovuji oblasti, ve kterych v nejteplej§im mésici ne-
pfesahuje priméma teplota 18,5 °C (v niz8ich oblastech
v priméru vy3%i) a kde ro&ni srazky €ini 700 az 800 mm
(v nizdich oblastech v priméru vyrazn& nizii). Lestina,
Votoupal (1983) zjistili, Ze v podminkach vy33i nadmot-
ské vysky (670 m), bohatSich sraZek (ro¢né 1020 mm)

a niZ§ich prim&mych roénich teplot (5,8 °C) byla za-
znamenana hori stolni hodnota a chut’ hliz.

Porovnéni vlivu rozdilnych ptidné-klimatickych pod-
minek na vynos a kvalitu brambor bylo u nds podrobnéji
provedeno az na zéklad& vyzkumného projektu podpo-
rovaného MZe CR (IE 0950975119). Vysledky dosud
publikované ve védeckém tisku (Hamouz et al., 1999;
Vokal et al., 1999) dopliiuje tento pfisp&vek o podrobné
hodnoceni vlivu oblasti a odridy (ro&niku) na velmi
dulezity ukazatel kvality konzumnich brambor, tj. na
stolni hodnotu a jeji slozky.

MATERIAL A METODY

V letech 1995 az 1997 byly v ptesnych polnich po-
kusech na 3esti stanovistich ve vy38ich a 3esti sta-
novidtich v niz8ich oblastech vedeny konzumni,
prevéazng polorané odriidy Agria, Karin (rand), Korela,
Rosella a Santé s cilem zjistit vliv rozdilnych ekolo-
gickych podminek dané zemé&délské vyrobni oblasti na
fadu ukazatell, charakterizujicich ptedevdim vynos
a kvalitu brambor. V tab. I jsou uvedeny nejzdkladn&jsi
tudaje o podminkach pokusi. Podrobnou charakteristiku
jednotlivych stanovist publikovali Hamouz et al. (1999).
Pti jednotné agrotechnice a ochrané byl stanoven vynos
au vzorkl hliz odebranych pti sklizni byly provedeny
dal3i rozbory. Stolni hodnota (a jeji sloZky) byla stano-
vena chufovou degustaéni zkouskou v prosinci skliziio-
vého roku podle popsaného postupu (Zadina, Jermoljev,
1976). Vysledky byly statisticky zhodnoceny metodou
analyzy variance.

VYSLEDKY A DISKUSE

V pruméru pi¥i porovnéni s dlouhodobym norméalem
(tab. I) byla zaznamenana tendence relativng minimalni
odchylky prim&mé teploty vegetaéniho obdobi (vyraznéji
u vy$8ich oblasti 0 2,4 %). U dedtovych srazek byly

1. Zékladni charakteristika podminek pokust v niZ3ich a vy3¥ich oblastech (primé&r pracoviit' a let) — Principal characterization of trial
conditions in lower and higher regions (average over localities and years)

Prim&rn4 teplota’ (°C) Destové srazky* (mm)
Oblast' Prﬁmér’rgianzagnn;ofska i vegetadni obdobi® vegetaén{ obdobf
L ? ik normal’ primér® 1995-1997 i normal primér 1995-1997
Nizf’ 244 8,6 15,2 15,1 566 360 432
Vyssi° 531 6,8 12,7 13,0 677 425 502

'region, mean altitude, *mean temperature, ‘rainfalls, ®yearly, ‘vegetation period, 'normal, *average, ‘lower, "“higher
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II. Analyza variance pro celkovou stolni hodnotu (0 az 100 bodl) — Analysis of variance for total cooking quality (0 to 100 scale

points)
1995 1996 1997 Primér' ¥
oblast® odriida’ oblast odrida oblast odrida | oblast | odriida| ro¢nik’
F-test’ 26,96 4,36 4,16 3,00 22,86 1,61 20,17 | 8.67 | 833
Priikaznost® ok sk * Hok *k ok *ok
Priikazné rozdily’
Ukazatel® X prikaznost® b d pritkaznost X pritkaznost X pritkaznost
_— nizsi® 62,57 a 57,53 b | 64,17 a 61,42 a
vyssi'? 53,63 b 60,30 a 59,60 b 57,84 b
1995 58,10 b
Roénik* 1996 58,92 b
1997 61,88 a
Karin 61,75 a 61,17 a 63,00 a 61,97 a
Santé 60,42 a b 61,17 a 62,58 a 61,39 a
Odriida’ Agria 60,83 a b 60,08 a 62,75 a 61,22 a
Korela 54,25 a b 55,92 a 61,33 a 57,17 b
Rosella 53,25 b 56,25 a 59,75 a 56,42 b

* vyznamny'' (P < 0,05)
** yysoce vyznamny' (P < 0,01)

Rozdily mezi primérnymi hodnotami oznacenymi stejnymi pismeny nejsou prikazné — Differences between mean values designated

with the same letters are not significant

‘average, “region, *variety, ‘year, *F-test, “significance, "significant differences, *index, ’lower, "higher, "significant, highly significant

v pokusnych letech zaznamenany nadprimérné hodnoty
(v priméru let a pracovi$t' u nizsich oblasti 0 20 %,
u vysSich o 18,1 %).

Komplexnim ukazatelem, charakterizujicim pomérné
velmi dobfe kvalitu hliz, je celkova stolni hodnota
(tab. II), ktera mize dosahnout az 100 bodd. V priméru
celého souboru se nejvyraznéji uplatnila oblast a rovnéz
vliv odridy a ro¢niku byl statisticky vyznamny. Je
zajimavé, Ze toto zjisténi platilo i pro jednotlivé pokusné
roky, ale pisobeni nebylo jednoznacné. V letech 1995
a 1997 byla prokazana vyznamné vyssi Groven v niz§ich,
v roce 1996 pak ve vysSich oblastech. Vegeta¢ni obdobi
roku 1996 bylo v niz8ich oblastech chladnéjsi na vech
pracovistich (k normélu v priméru o 0,6 °C) a teplota
mohla ovlivnit jednotlivé sloZky plsobici na Groveil
celkové stolni hodnoty tak, Ze doslo k jejimu sniZeni pod
uroven zjisténou ve vyssich oblastech. Tento rok byl
zajimavy i tim, Ze stolni hodnota ve vyssich oblastech
vSech pokusnych let. Celkovéa troven stolni hodnoty
byla v8ak v priméru v niZ8ich oblastech vyznamné
vyssi (o 3,58 bodu, tj. 0 6,2 %), a tim se nepotvrdil
predpoklad lepsi stolni hodnoty v podminkach vysSich
oblasti (Hruska et al., 1974). Statisticky vyznamny vliv
zkousenych odrid byl sice zaznamenén v letech 1995
a 1997, ale pritkazny rozdil byl zjitén pouze mezi nejlépe
umisténou odridou Karin a odriidou Rosella v roce
1995. V priméru celého souboru byla zaznamenana
prikazna tendence ve prospéch odrid Karin, Santé
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a Agria pfi porovnani s odridami Korela a Rosella.
Vyznamny byl i vliv roéniku, a to pro vysledky roku
1997, které byly vyznamné lepsi nez prumérmé vysledky
let 1995 a 1996.

Vzhled syrovych hliz (tab. III), ktery mize byt
hodnocen az 12 body, byl statisticky vyznamné ovlivnén
pouze v piipadé lepSich vysledki niz8ich oblasti v roce
1997. Piisobeni oblasti (v ostatnich letech a v priméru),
podobné jako v pfipadé odrid (nejpfiznivéji byla
hodnocena odriida Karin), bylo nevyznamné. Vyznamny
vliv ro€niku souvisel s pfiznivym ovlivnénim vzhledu
syrovych hliz v roce 1997 (rozdil k roku 1995 pieséhl
hranici statistické vyznamnosti).

Zajimavé je, ze vzhled varenych hliz (tab. IV), s maxi-
malni hranici 16 bodu, jiZ statisticky vyznamné ovlivnil
nejen roénik, ale i oblast a odrida. P¥iznivéjsi hodnoceni
ziskaly v priméru hlizy z nizSich oblasti (statisticky
vyznamné a jednoznacné ve vsech letech). Z odrid
v priméru Karin a Agria mély vzhled hliz priikazné lepsi
nez ostatni odriidy zafazené v pokuse. Diivodem byly
predevsim vysledky zjisténé v roce 1995 (v dalsich letech
byla zaznamenana pouze nevyznamna tendence lep$ich
vysledki téchto odriid). Tendence pfiznivého hodnoceni
roku 1997 byla zjisténa i u tohoto ukazatele (k roku 1996
vyznamné).

Viiné hliz po uvareni (tab. V) je hodnocena az 8 body
a patii k vyznamnym znakt@im kvality konzumnich bram-
bor, i kdyZ zatim chybi dostatek informaci o vlivu pro-
stiedi a odridy na aromatické sloudeniny ovliviiujici
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I11. Analyza variance pro vzhled syrovych hliz (0 aZ 12 bodii) — Analysis of variance for raw potato appearance (0 to 12 scale points)

1995 1996 1997 Primér' x
oblast® odrida’ oblast odrida oblast odrida  oblast | odrida| roénik*
F-test® 0,01 1,11 0,16 0,39 6,83 1,11 1,43 0,67 542
Priikaznost® * *x
Priikazné rozdily’
Ukazatel® X priikaznost®) % prikaznost| X pritkaznost X pritkaznost
Oblas® nizsi® 8,57 a 8,90 a 9,57 a 9,01 a
vyssi'® 8,60 a 9,00 a 8,87 b 8,82 a
1995 8,58 b
Roé&nik* 1996 8,95 a b
1997 9,22 a
Karin 8,83 a 8,92 a 9,58 a 9,11 a
Santé 9,00 a 9,00 a 9,08 a 9,03 a
Odriida® Agria 8,50 a 9,08 a 8,75 a 8,78 a
Korela 8,08 a 9,08 a 9,33 a 8,83 a
Rosella 8,50 a 8,67 a 9,33 a 8,83 a

* yyznamny'' (P < 0,05)

** yysoce vyznamny'? (P < 0,01)

For 1-12 see Tab. II

tento znak (Ulrich et al., 1998). Znaény vliv ma pfi sen-
zorickém hodnoceni pravdépodobné piedevsim genotyp,
coz vysledky pokust potvrdily, i kdyZ pofadi odrad
i vysledky jednotlivych let ukazuji na moznost rozdilné

reakce odrud na ekologické podminky jednotlivych
ro¢nikt. Ro¢nik ovlivnil chut’ hliz statisticky vyznamné
a opét nejlepsi byl rok 1997. Rozdil k rokiim 1995 a 1996
byl vzdy vyznamny. Oblast se vyznamné neuplatnila,

IV. Analyza variance pro vzhled vafenych hliz (0 aZ 16 bodi) — Analysis of variance for cooked potato appearance (0 to 16 scale points)

1995 1996 1997 Pramér' ¥
oblast odriida’ oblast odriida oblast odrida | oblast | odrida| rocnik®
F-test® 11,80 4,56 0,03 1,22 22,66 2,26 2427| 530 | 6,06
Pritkaznost® ok Kk *ok sk *ok ok
Pritkazné rozdily’
Ukazatel® x pritkaznost® x prikaznost| X pritkaznost x pritkaznost
e nizsi’ 1083 | a 9,23 a 11,23 a 10,43 a
vyssi'? 9,20 b 9,17 a 9,20 b 9,19 b
1995 10,02 a
Roénik* 1996 9,20 b
1997 10,22 a
Karin 1L17 | a 10,08 a 10,25 a 10,59 a
Santé 1025 | a| b | ¢ 9,08 a 9,67 a 9,67 a b
Odrida® Agria 11,00 | a| b 9,00 a 11,42 a 10,47 a
Korela 8,75 b c 8,83 a 9,67 a 9,08 b
Rosella 8,92 c 9,00 a 10,08 a 9,33 b

* yyznamny'' (P < 0,05)

** yysoce vyznamny'? (P < 0,01)

For 1-12 see Tab. II
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byly sice zaznamenény v priméru lepsi vysledky u niz-
Sich oblasti, které vSak nebyly v jednotlivych letech
potvrzeny (v roce 1995 vyznamné lepsi nizsi oblasti,
v ostatnich ro¢nicich nevyznamné lepsi vyssi oblasti).

Relativné nejmensi vliv na chut’ hliz (tab. VI), ktera je
rozhodujici sloZkou stolni hodnoty (az 40 bodi), méla
oblast. V priméru vyznamné lep$i chut’ byla sice zjisténa
u nizsich oblasti, ale v jednotlivych letech sméfovala
tendence vice ve prospéch oblasti vysSich (v roce 1997
a vyznamné v roce 1996). Priznivy vysledek zazname-
nany v pruméru celého pokusu souvisel s hodnocenim
vroce 1995, ve kterém byl rozdil zjistény ve prospéch
niz§ich oblasti velmi vyrazny (26,1 %). Vyznamnéjsi vliv
ptisludel odriidam a roéniku. V priiméru nejlepSich
vysledkti dosahla odrida Karin. Zajimavé je, Ze jedno-
znacné nejnizsi Groven chuté byla zaznamendna u hliz
odridy Rosella. I tento ukazatel je pravdépodobné v tés-
né zéavislosti na vlastnostech genotypu a vliv ostatnich
faktor® neni jiz tak vyrazny. Vyznamnost vlivu roéniku
miuze byt ovlivnéna i urCitou subjektivitou pfi degustaci.
Nejlépe umistény ro¢nik 1997 mél tiroveii chuté vyznamné
lepsi nez ro¢nik 1995.

Pevnost duZniny a s ni spojena rozvarivost (tab. VII)
byla vyznamné ovlivnéna pouze oblasti, a to ve prospéch
teplejSich oblasti. Je zajimavé, Ze toto zji$téni neplatilo
v roce 1996, ve kterém hodnota zaznamenana ze vzorku
pochazejicich z nizsich oblasti vykazala vyznamné vyssi
pevnost. Vyznamné se neprojevil roénik a pfekvapivé
ani vliv odriid. Nejvy$si hodnota byla zaznamenéna
u odriidy Karin (tato tendence vsak v roce 1997 nebyla
potvrzena).

Trvanlivost (intenzitu barevnych zmén po uvafeni)
vyznamné ovlivnila pouze oblast (tab. VIII). Priznivéjsi
vysledky byly zaznamenany v ptipadé niz§ich oblasti
i pies skute¢nost, Ze v roce 1996 byla lepsi uroveri tohoto
znaku zaznamendna u vysSich oblasti. V tomto roce byl
viak rozdil nevyznamny (v ostatnich letech vyznamny
ve prospéch niz8ich oblasti). V primeéru byl vliv odrid
i roéniku nevyznamny. I tak je zajimavé, Ze relativné
nejlépe u piedchozich ukazatel umisténa odrida Karin
byla v tomto pfipad€ hodnocena méné piiznive.

Porovname-li uvedené vysledky s dostupnymi in-
formacemi, zjistime, Ze podobna prace, sledujici vliv
rozdilnych stanoviStnich podminek, neni k dispozici.
Nesplnilo se o¢ekavani (Hruska et al., 1974; Mica, 1988),
Ze pii péstovani konzumnich brambor v niZsich, srazko-
vé chudsich - napi. Zrust (1984) se zmifuje o roz-
hodujicim vyznamu vody — a pfedevs§im teplejsich
oblastech bude vyslednd stolni hodnota hor$i. Toto
ocekavani pravdépodobné souvisi s pfedpokladem, Ze
v téchto oblastech budou hlizy obsahovat vice skrobu
(suSiny), a proto lze oCekévat sniZeni stolni hodnoty
(Mica, 1990). Je zajimavé, Ze ani tento predpoklad nebyl
spinén, nebot’ v priméru byl obsah suiny v nizsich
oblastech sice vyssi (21,67 %), ale nevyznamné, pouze
0 0,18 % susiny (Vokal et al., 1999). Navic v roce 1997,
kdy byla zaznamenana nejvyssi Groveii tohoto znaku,
byl zjistén zaroven nejvyssi obsah su$iny v hlizach.
Z vysledk je ziejmé, Ze produkce kvalitnich konzumnich
brambor je moZna i v oblastech dfive v CR uréenych
pievazné pro péstovani velmi ranych odriid pro nej-
rangjs§i konzum. Vliv odrid zafazenych v pokuse byl

V. Analyza variance pro viini vafenych hliz (0 aZz 8 bodii) — Analysis of variance for cooked potato odour (0 to 8 scale points)

1995 1996 1997 Primér' X
oblast? odrtda® oblast odrida oblast odriida | oblast | odriida| ro&nik*
F-test® 16,89 2,83 3,28 6,46 0,15 2,25 079 | 6,01 | 973
Pritkaznost® *ok * sk ok *ok
Pritkazné rozdily”
Ukazatel® p 4 pritkaznost® X pritkaznost X prikaznost| ¥ pritkaznost
nizsi’ 6,33 a 5,77 a 6,53 a 6,21 a
Oblast®
vyss('° 537 b 6,30 a 6,60 a 6,09 a
1995 5,85 b
Roénik* 1996 6,03 b
1997 6,57 a
Karin 6,00 a b 6,08 a 6,67 a 6,25 a
Santé 5,58 a b 6,42 a 7,00 a 6,33 a
Odriida’ Agria 6,50 a 6,67 a 6,50 a 6,56 a
Korela 583 a b 4,58 b 6,25 a 5,56 b
Rosella 533 b 6,42 a 6,42 a 6,06 a b
* yyznamny'' (P < 0,05)
** yysoce vyznamny'’ (P < 0,01)
For 1-12 see Tab. II
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VI. Analyza variance pro chut' vafenych hliz (0 aZ 40 bodli) — Analysis of variance for cooked potato flavour (0 to 40 scale points)

1995 1996 1997 Primér' ¥
oblast? odriida’ oblast odriida oblast odriida | oblast | odriida| ro¢nik*
F-test® 22,26 2,0 5,99 6,00 0,0 7,05 514 | 1041 10,62
Pn'xkaznost" *k * *k *k * *k *k
Pritkazné rozdily’
Ukazatel® x pritkaznost® X prikaznost X prikaznost X pritkaznost
) nizsi’ 21,77 a 20,20 | a 21,87 a 21,28| a
Oblas v | 1727 b | 2183 b 2187| a 2032 b
1995 19,52 b
Roénik* 1996 2102 a
1997 2187| a
Karin 21,08 a 2217 a| b 23,75 a 2233 a
Santé 20,42 a 2275 a 22,33 a 21,83 a
Odriida’ Agria 20,08 a 2208 a| b 21,75 a b 2131 a| b
Korela 18,67 a 19,25 b c | 21,83 a b 19,92 b c
Rosella 17,33 a 18,83 c 19,67 b 18,61 c

* yyznamny'' (P < 0,05)
** yysoce vyznamny'? (P < 0,01)

For 1-12 see Tab. II

u vétsiny ukazatel (s vyjimkou vzhledu syrovych hliz,
trvanlivosti po uvafeni a prekvapivé i v pfipadé pevnosti
duzniny a rozvarivosti) statisticky vyznamny, a potvrdil
tak publikované vysledky (Storkova, 1997). Relativné

nejlépe se umistila odriida Karin, tj. odrtida, které je
fazena k varnému typu B-BA (Anonym, 1998). Ostat-
nim odridam naleZi varny typ B, v pfipad¢ odridy
Korela B-BC.

VII. Analyza variance pro pevnost duZniny a rozvafivost (0 az 16 bodd) — Analysis of variance for flesh firmness and sloughing (0 to

16 scale points)

1995 1996 1997 Primér' ¥
oblast’ odriida’ oblast odriida oblast odrida | oblast | odriida| roénik*
F-test® 6,63 1,78 433 1,82 19,94 1,35 10,34 | 0,82 2,53
Pritkaznost® * * *x **
Pritkazné rozdily’
Ukazatel® X prikaznost® X pritkaznost X pritkaznost X pritkaznost
OBl niz&i® 10,33 a 9,13 a 10,10 a 9,86 a
vy3si'? 9,30 b 9,57 b 9,07 b 9,31 b
1995 9,82 a
Roénik* 1996 9,35 a
1997 9,58 a
Karin 10,75 a 9,67 a 9,17 a 9,86 a
Santé 9,33 a 9,33 a 9,58 a 9,42 a
Odriida’ Agria 9,92 a 8,83 a 10,00 a 9,58 a
Korela 9,25 a 9,50 a 9,67 a 947 a
Rosella 9,83 a 9,42 a 9,50 a 9,58 a

* vyznamny'' (P < 0,05)
** yysoce vyznamny'’ (P < 0,01)

For 1-12 see Tab. II
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VIII. Analyza variance pro trvanlivost barvy vafenych hliz (0 az 8 bodii) — Analysis of variance for colour durability of cooked

potatoes (0 to 8 scale points)

1995 1996 1997 Primér' x
| oblas? odrida’ oblast odrdda | oblast | odrdda | oblast| odrada roénik’
F-test® 11,08 5,19 0,18 1,19 4,87 2,29 924 | 236 | 035
Pritkaznost® ** ** * **
Prikazné rozdily’

Ukazatel® | pritkaznost® x prikaznost| X prikaznost X priikaznost
. nnt |47 a 430 a | 487 | a 463 | a

vyssi® 3,93 b 4,40 a 4,10 b | 414 b

1995 4,33 a
Roenik* 1996 435 a

1997 4,48 a

Karin 475| a b 425 a 3,58 b 4,19 a

Santé 4,75| a b 4,50 a 5,17 a 4,81 a
Odriida® Agria 483 a 4,42 a 4,33 a b 4,53 a

Korela 3,58 c 4,67 a 4,58 a b 4,28 a

i Rosella 3,75 b c 3,92 a 4,75 a b 4,14 a

* yyznamny'' (P < 0,05)
** yysoce vyznamny'? (P < 0,01)

For 1-12 see Tab. II
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USPORNA DOPLNKOVA ZAVLAHA RANYCH BRAMBOR

WATER-SAVING SUPPLEMENTARY IRRIGATION OF EARLY POTATOES

J. Zavadil

Research Institute for Soil and Water Conservation, Prague, Czech Republic

ABSTRACT: The investigation was aimed at finding an optimum irrigation regime for early potatoes. For this purpose,
small plot experiments were conducted in 1998 and 1999. The treatments comprised two different irrigation regimes, two
methods of irrigation (drip — KZ and microsprinkling — MP) and a non-irrigated control. The two irrigation regimes differed
in the threshold soil water suction at which water was applied: 35 cbar in the first treatment (1) and 7 cbar in the second
treatment (2). The soil water suction was measured by Watermark (Granular Matrix Sensors) sensors placed at 0.3 m
depth. The amount of water applied to each treatment was measured by separate water meters. The yields per unit area
were determined by harvesting 10 randomly selected plants. The production efficiency of irrigation, regarded as an objec-
tive measure of the influence of irrigation on yield of early potatoes, was calculated as a ratio of the yield increase with
respect to the non-irrigated control per 1 m® of water supplied by irrigation. Its reciprocal value expresses the irrigation
water consumption per 1 kg of yield increase per hectare. The rainfall distribution over the months of April and May
was quite irregular in both the years 1998 and 1999. The majority of the growing season precipitation occurred in June
(Tab. I), while the precipitation sums in April and May of both years were substantially lower than the average con-
sumptive water use of early potatoes as reported by Daniel (Rybacek et al., 1988), the latter being 45 mm for April and
70 mm for May. The soil water suction in the non-irrigated control, having been about 20 cbar at the beginning of May of
both years, increased to about 80 cbar in 1998 and even up to about 120 cbar in 1999 towards the end of May. Majority
of irrigation water to the 7 cbar threshold treatments was supplied in May, which was also the only month when irriga-
tion was applied at all in the 35 cbar threshold treatments (Tab. IT). In June, the soil water suction did not exceed 35 cbar.
The 7 cbar threshold treatments, both with drip irrigation and with microsprinkling, underwent much higher number of
irrigation applications than the 35 cbar threshold treatments and also received much more irrigation water. The tubers in
the non-irrigated control were significantly less numerous than in any of the irrigated treatments, both in 1998 and in
1999, due to the harmful impact of water stress at the stage of tuber formation, as described, e.g. by MacKerron, Jeffer-
ies (1986). The yields of tubers larger than 5 cm were significantly higher in all irrigated treatments and in both the years
in comparison with those in the non-irrigated control, except for the 35 cbar threshold drip irrigation treatment (KZ1) in
1999. If judged according to their impact on tuber yields, the best treatments were the drip irrigation at 7 cbar threshold
(KZ2) in 1999 and the microsprinkling at 35 cbar threshold (MP1) in 1999. The yield difference between the KZ1 a KZ2
treatments in 1998 was insignificant but the amount of irrigation water applied was about 3.5 times smaller in KZ1 than
in KZ2. In 1999, the yield in the 35 cbar treshold microsprinkling treatment (MP1) was significantly higher than that in
the microsprinkling 7 bar threshold treatment (MP2), while the difference in tuber numbers between these two treat-
ments was insignificant, from which it follows that the tubers were larger in MP1. Comparing MP1 and MP2 in 1999,
one can also see that the (insignificantly) higher yield in MP1 was obtained with about 3 times smaller amount of irriga-
tion water. The highest production efficiency of irrigation was found, in both the years, in the 35 cbar threshold treat-
ments, i.e. with the water-saving irrigation regime (Fig. 1). The total amount of applied irrigation water was only
45.5 mm in KZ1 in 1998 and 60 mm in MP1 in 1999. In 1998, the production efficiency of irrigation was 2.6 times higher
in KZ1 than in KZ2. In 1999, it was even 4.7 times higher in MP1 than in MP2. Obviously, the treatments with highest
production efficiency of irrigation had the lowest irrigation water consumption per 1 kg of yield increase (Tab. IV). It is
evident from the above findings that the best treatments, among the treatments studied, were those in which irrigation
was applied when the soil water suction at the depth of 0.3 m had risen to 35 cbar. This suction value corresponded, for
a given soil, to 40% field capacity. It was thus confirmed that the progressive, water-saving irrigation technologies, if
competently used, are suitable for irrigation of early potatoes.

Keywords: early potatoes; drip irrigation; microsprinkling; soil water suction; Granular Matrix Sensors; production
efficiency of irrigation water use; irrigation amount

ABSTRAKT: S cilem zjistit optimalni vldhovy reZim pidy v porostu ranych brambor byly v letech 1998 a 1999 vedeny
maloplodné pokusy, které zahrnovaly nezavlaZovanou kontrolu a dv& rozdilné varianty vlahového rezimu pudy pfi kap-
kové zévlaze a mikroposttiku. U prvni varianty byly zavlahové davky aplikovany pti sacim tlaku pudni vody 35 cb
a u druhé pfi sacim tlaku pidni vody 7 cb. Saci tlaky pidni vody byly méfeny &idly Watermark (Granular Matrix Sen-
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sors — GMS) osazenymi v hloubce 0,3 m. Ze zvolenych variant byly jednozna¢né& nejlepsi varianty se zavlahou pfi hod-
not& saciho tlaku pudni vody 35 cb v hloubce 0,3 m. Oproti nezavlazované kontrole do3lo u téchto variant k nejvétsimu
ptirtstku vynosu hliz na 1 m’ aplikované zévlahové vody. Hodnota saciho tlaku pudni vody 35 cb odpovidala v danych

podminkach 40 % polni vodni kapacity.

Klitova slova: rané brambory; kapkové zavlaha; mikropostfik; saci tlak pidni vody; Granular Matrix Sensors; produkéni

uginnost zavlahové vody; zavlahové mnoZstvi

16)0)))

Rané brambory patfi mezi plodiny citlivé na vodni
stres. Z fady vé&deckych a odbornych praci popisujicich
u¢inky vodniho stresu na vynos a kvalitu hliz je zfejmé,
Ze sila téchto u¢inki zavisi na dob& vyskytu vodniho
stresu, délce jeho trvani a jeho intenzité. Adams, Steven-
son (1990) a Stark, Wright (1985) uvadgji, Ze vodni stres
miize byt pti¢inou sniZeni vynosu a kvality hliz kdykoli
b&hem ristu brambor. Rybé&ek et al. (1988) se domnivaji,
Ze na vynos hliz u velmi ranych odriid majf hlavni vliv
srazky v Cervnu a u ranych odrid srazky v ¢ervenci. Za
optimalni obsah vody v lehkych a stfedné t&zkych
pldach se povaZuje jeji obsah pii 70 aZ 80 % polni vodni
kapacity. Jako minimalni zasobu vody v piid¢ v dob&
vegetace ranych brambor uddva CSN 75 0434 obsah
vody v ptidé odpovidajici 60 az 70 % jeji vyuZitelné
vodni kapacity (VVK) a u¢innou hloubku navlazeni 0,4 m.
(VVK je rozdil mezi polni vodni kapacitou piidy a bodem
vadnuti.) Tato norma piedpoklada celkovou vldhovou
potfebu ranych brambor v Polabi (v obdobi od 1. 4. do
30. 6.) ana jizni Moravé (v obdobi od 20. 3. do 20. 6.)
200 mm. Stejnou potiebu srazek u nejrangjSich odrid
brambor uvadi také Hlava¢ (Rybacek et al., 1988). Z ni by
mélo pfipadat 6 % (12 mm) na duben, 21 % (42 mm) na
kvéten, 67 % (134 mm) na &erven a 6 % (12 mm) na
gervenec. Daniel (cit. Ryba&ek et al., 1988) povaZzuje za
optimdlni pro rané brambory thrn sraZek v dubnu 45 mm,
v kvétnu 70 mm, v ¢ervnu 90 mm a v ¢ervenci 80 az 90 mm.
Srazkovy thrn za duben aZ &erven je v prim&mém roce
v Polabi a na jizni Moravé zhruba o 30 az 60 mm niz3i
(v zavislosti na lokalitg). Z publikovanych poznatkid
(Slavik, 1999) je zfejmé, Ze ve vegetaénim obdobi velmi
ranych odrid se vlahové deficity nejéastéji vyskytuji
v obdobi od tieti dekady kv&tna do konce &ervna, tedy
v obdobi intenzivni tvorby hliz. Rané odridy brambor
postihuji také vlahové deficity vyskytujici se v &ervenci.
Doplitkové zdvlaha je proto jednim z nezbytnych pted-
pokladii pro dosazeni stabilnich, vysokych vynosi
ranych brambor.

Po transformaci zemédglstvi jsou rané brambory spolu
se zeleninou hlavnimi zavlaZovanymi plodinami. Podle
Situacni a vyhledové zpravy MZe CR (1999) bylo jimi
vroce 1999 osazeno 17 941 ha (véetné mnozitelskych
ploch). Vyméra zavlaZovanych ranych brambor neni
zvI43t sledovéna, a proto o ni neexistuji spolehlivé udaje.
Zavlazuje se vyhradné postfikem. Chybi kvalifikované
fizeni zavlahového rezimu, tj. stanoveni velikosti z4vla-
hové davky a terminu jeji aplikace. Zavlahovy reZim Fidi

496

kazdy péstitel sdm pouze na zdkladé svych zkuSenosti.
P¥i tomto zpiisobu Ffizeni zavlahového reZimu je velkd
pravdépodobnost neefektivni aplikace zavlahovych da-
vek. Plytvani vodou vede ke zvySovani ndkladi na
zavlahu, a tim ke sniZovéni rentability p&stovéani ranych
brambor. S ofekdvanym vyraznym nariistem cen energii
a ceny surové vody z vodniho zdroje v pfistich letech
lze opravnéné pfedpokladat vyrazné zvySeni ceny
zavlahové vody. V disledku toho se zvy$i vyznam
opatfeni vedoucich k vyraznym uspordm v dodévce
zévlahové vody. Mezi tato opatieni patfi kromé zavedeni
raciondlniho zplisobu fizeni reZimu zavlah pouZzivéni
kapkové zavlahy a mikropostfiku, které jsou z hlediska
spotfeby vody mnohem tusporné&j3i neZ ostatni za-
vlahové systémy, umoZiiuji lep3i distribuci zavlahové
vody na pozemcich a jeji dodani v terminu prokdzané
potieby. Tyto zavlahové systémy jsou méné naro&né na
obsluhu a jejich provoz lze velmi dobfe automatizovat.

Pro posouzeni ui¢innosti dodévky vody k ranym bram-
bordm kapkovou zavlahou a mikropostfikem a pro sta-
noveni nejvhodnéjsiho vodniho rezimu pidy v porostu
ranych brambor byly vedeny experimenty, jejichZ vy-
sledky jsou uvedeny v tomto pFispévku.

MATERIAL A METODY

Byly zaloZeny maloplodné pokusy na experimentélni
plose VUMOP Praha v Hofing na okrese Mélnik s témito
variantami:

— kontrola bez zévlahy

— kapkové zévlaha, zévlaha pfi poklesu sacfho tlaku
pldni vody na 35 cb

— kapkova zavlaha, zdvlaha pii poklesu saciho tlaku
pldni vody na 7 cb

— mikropostfik, zdvlaha pti poklesu saciho tlaku pldni
vody na 35 cb

— mikroposttik, zavlaha p¥i poklesu saciho tlaku piidni
vody na 7 cb

Kazda varianta pokusu méla &tyfi opakovéni. Pro
kapkovou zavlahu bylo pouZito zavlaZovaci potrubi
s nekompenza¢nimi kapkovati (typ DRIPEX) uloZené na
fadcich brambor. Spon kapkovacii byl 0,5 m a jejich
vykon 2 1 za 1 h. Mikropostfikovage mély intenzitu po-
stfiku 2 mm za 1 h. Zavlahovy rezim byl fizen podle
dynamiky sacich tlaki pidni vody mé&fenych &idly
Watermark (Granular Matrix Sensors — GMS),
vyrobenymi fy Irrometer Co., Riverside, CA, USA. Na
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kazdé variant® byla osazena t¥i &idla v aktivni hloubce
provlaZeni 0,3 m. Hodnoty sacich tlakli ptdni vody byly
méfeny méficem 300 KTC dodédvanym vyrobcem ¢&idel.
Testovanim ¢&idel v laboratornich podminkéach bylo
zjisténo, Ze hodnota saciho tlaku pidni vody 35 cb
odpovidd 40 % a hodnota 7 cb 65 % polni vodni
kapacity. Polni vodni kapacita pidy v hloubce 0,3 m se
pohybovala v rozmezi od 25,9 do 31,5 % objemovych
a bod vadnuti od 7,3 do 9,1 % objemovych. V roce 1998
byla v pokusu pouZita zakoupend sadba velmi rané
odridy Impala a v roce 1999 sadba rané odriidy Karin.
Sadba obou odriid byla certifikovéana jako C,. Na pod-
zim bylo hnojeno chlévskym hnojem v davce 40 t.ha™.
Na jafe, pfed vysadbou brambor bylo aplikovano
80 kg N.ha™ (v &istych Zivinach). Brambory byly vy-
sazeny ve sponu 0,65 x 0,30 m. Po vysadb& brambor
a osazeni ¢idel GMS byla piida do hloubky 0,3 m na-
sycena zavlahovou vodou na polni vodni kapacitu, tj.
na saci tlak pldni vody 0 cb. Ve vegetaénim obdobi
brambor byla na polni vodni kapacitu nasycena vzdy
pfi poklesu saciho tlaku pidni vody na 35, resp. 7 cb.
Mnozstvi zédvlahové vody u ka?dé varianty bylo m&feno
samostatnym vodomérem. V roce 1998 bylo vegeta¢ni
obdobi brambor od 2. 4. do 8. 7., vroce 1999 od 1. 4. do

20. 7. Vynos na jednotku plochy u kazdého opakovan{
byl stanoven sklizni deseti n4hodn& vybranych kefii. Pro
objektivni vyjadfeni vlivu zdvlahové vody na tvorbu
vynosu ranych brambor byla vypod&tena produkénf
u¢innost zévlahové vody jako podil pirdstku vynosu
(zvy3eni vynosu proti nezavlaZované kontrole) na 1 m’
dodané zévlahové vody a reciproéni parametr vy-
jadreny potfebou zavlahové vody na 1 kg ptiriistku
vynosu. Vliv zdvlahy na vynosy a po&et hliz byl
vyhodnocen jednofaktorovou analyzou rozptylu na
hladin& vyznamnosti 0,05.

VYSLEDKY A DISKUSE

Uhrn sraZek za duben aZ Serven roku 1998 (192,2 mm)
téméf odpovidal vidhové potfebé ranych brambor,
uvedené v citované CSN 75 0434. V roce 1999 byl ithrn
srazek za toto obdobi o vice nez 50 mm niZ3i neZ vldhova
potfeba ranych brambor. Rozdg&leni sraZek v obdobi
duben az kvéten bylo v obou letech zna&n& nerov-
nomérné, vétdina srazek spadla v &ervnu (tab. I). Uhm
srazek za duben i kvéten byl v roce 1998 i 1999 podstatng
niZ8i neZ primérna potfeba vody pro rané brambory,

1. Teplota vzduchu a srazky ve vegetatnim obdobi ranych brambor — Air temperature and precipitation over the growing season of

early potatoes

Praméma denni teplota’ (°C) Uhm srazek* (mm)
Mesic! Dekada® 4 Hofin Hotin
normal normal

1998 1999 1998 1999
I 7,0 10,8 11,0 11 55 1,6
2. 8,7 73 74 12 9,4 7,6
W 3. 10,4 14,7 11,7 11 39 10,5
£ 8,7 10,9 10,0 34 18,8 19,7
1. 12,1 15,1 13,1 17 10,0 3,5
2. 13,8 159 14,0 16 0,0 10,4
¥: 3. 15,0 154 17,5 19 26,5 32,8
%/T 13,6 15,5 14,9 52 36,5 46,7
I 16,0 19.9 17,7 22 57,2 22,1
2. 17,1 15,8 16,3 23 484 382
g 3 18,0 20,2 15,7 23 31,3 21,1
b)) 17,0 18,6 16,6 68 136,9 81,4
1. 18,7 14,9 21,3 24 27,8 394
2 19,2 18,7 202 24 13,6 32,4
Al 3 19,2 20,9 19,5 28 20,9 3,6
Xz 19,0 18,3 20,3 76 62,3 75,4
IV.-VIL x/z 14,6 15,8 15,4 230 254,5 2232

Normélni priimérna denni teplota a normaélni uhm sréZek za obdobi 1931 a? 1960 — Long-term average daily temperatures and daily

precipitation sums are taken over the period 1931 to 1960

x = aritmeticky primér dennich teplot — arithmetic mean of daily temperatures

Z = (hrn srazek — precipitation sum

'month, *decade, average daily temperature, *precipitation sum, *normal
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jakou uvad{ Daniel (Rybacek et al., 1988), tj. 45 mm
v dubnu a 70 mm v kvétnu. V roce 1998 i 1999 byly
mésice duben a kvéten srazkové podnormalni a pfitom
teplotné nadnormalni. Saci tlak pidni vody u nezavlaZo-
vané kontroly se proto b&éhem kvétna zvysil z 20 cb
vroce 1998 na ca 80 cb a vroce 1999 dokonce na ca
120 cb. U variant s aplikaci zavlahové davky pfi sacim
tlaku pidni vody 35 cb bylo v kvétnu dodéno celé
zavlahové mnozstvi a u variant s aplikaci zavlahové

déavky pfi sacim tlaku pidni vody 7 cb byla v tomto
mésici aplikovéna jeho pievazna ¢ast (tab. IT). V cervnu
Jjiz saci tlak padni vody nepiekrocil 35 cb. U variant
s pfedzdvlahovou vlhkosti pidy odpovidajici sacimu
tlaku piidni vody 7 cb byl u mikropostfiku i u kapkové
zavlahy mnohem vét3i poCet zdvlahovych déavek, a tim
i mnohem vétsi zdvlahové mnoZstvi nez u variant
s pfedzévlahovou vlhkosti piidy odpovidajici sacimu
tlaku ptdni vody 35 cb.

I1. Poget zévlahovych davek a zavlahové mnozstvi — Number of irrigation applications and amount of water applied

Poget zavlahovych davek? Zavlahové mnozstvi® (m® ha™)
Varianta' 1998 1999 1998 1999
V. VL celkem* V. VL celkem V. VL celkem V. VL celkem
KZ1 5 0 5 8 0 8 455 0 455 1050 0 1050
KZ2 11 3 14 10 4 14 1256 320 1576 1110 590 1700
MP1 3 0 3 5 0 5 460 0 460 600 0 600
MP2 7 1 8 8 3 11 660 100 760 1290 520 1810
K = kontrola bez zdvlahy — non-irrigated control
KZ1 = kapkova zavlaha, 35 cb — drip irrigation, 35 cbar
KZ2 = kapkova zavlaha, 7 cb — drip irrigation, 7 cbar
MPI = mikropostiik, 35 cb — microsprinkling, 35 cbar
MP2 = mikropostfik, 7 cb — microsprinkling, 7 cbar
'treatment, *number of irrigation applications, ‘amount of water applied, ‘total
111 Statistické zhodnoceni pokusii — Statistical evaluation of field trials
ool Prepotteno na ket (ks®)’ F-vypottené’ , Statistické zhodnoceni’*
Srovndvané varianty . E— —if o g —i
1998 [ 1999 1998 1999 l 1998 1999
3 Pacet hliz* > 5 cm
K KZ1 54 71 | 48 6,6 17,36 2297 | vyznamné' | vyznamné
K KZ2 54 80 | 438 8.8 29,42 93,59 | vyzmamné | vyznamné
K MP1 54 8.7 | 48 8,5 36,14 73,55 ’ vyznamné | vyznamné
K MP2 54 8,0 i 4.8 8,0 13,14 79,94 vyznamné | vyznamné
KZ1 KzZ2 7,1 8,0 6,6 8.8 391 29,92 ! nevyznamné’|  vyznamné
MPI MP2 8,7 80 | 8,7 8,0 0,88 023 | nevy é| nevy ¢
KZ1 MP1 71 8,7 6,6 85 9,80 20,73 vyznamné | vyznamné
KZ2 MP2 3 8,0 8,0 J 8,8 8,0 0,002 0,005 l nevyznamné | nevyznamné
Hmotnost hliz’ > 5 cm
K KZ1 635,2 957,0 | 4525 519,6 25,74 3,18 i vyznamné | nevyznamné
K KZ2 6352 10675 | 4525 644,2 62,10 27,23 ’ vyznamné | vyznamné
K MP1 6352 863,2 4525 710,2 15,83 38,97 vyznamné | vyznamné
K MP2 635,2 9142 4525 6199 20,71 18,38 vyznamné | vyznamné
KZ1 Kz2 957,0 1 067,5 i 519,6 6442 2,34 12,03 nevyznamné| vyznamné
MPI1 MP2 863,2 9142 " 710,2 619,9 0,71 4,66 nevyznamné| vyznamné
KZ1 MP1 957,0 863,2 519,6 710,2 2,24 22,09 I nevy"z:namné’ vyznamné
KZ2 MP2 1067,5 9142 | 6442 619,9 6,94 042 | vyznamné | nevyznamné

" aritmeticky primér z 10 keri — arithmetic mean from 10 plants

hladina vyznamnosti 0,05, kriticka hodnota = 4,01 - significance level 0.05, critical F value = 4.01
'treatments compared, *calculated per plant, 'F-calculated, “statistical evaluation, *pcs, “number of tubers, "weight of tubers, "significant,

“insignificant
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Pocet hliz u v3ech zavlaZovanych variant byl v roce
1998 i 1999 statisticky pritkazn& vétsi nez u nezavla-
zované kontroly. Pfi¢inou toho byl negativni i¢inek
vodniho stresu v obdobf tvorby hliz, jak jej popsali napf.
MacKerron, Jefferies (1986). S vyjimkou varianty s kap-
kovou zavlahou pfi hodnot& saciho tlaku pdni vody 35 cb
(KZ1) vroce 1999 byl proti nezavlazované kontrole
u zavlaZzovanych variant také statisticky pritkazné vétsi
vynos hliz vétSich nez 5 cm (tab. III). Podle vlivu na
vynos hliz byla v roce 1998 nejlepsi kapkové zavlaha pfi
hodnoté saciho tlaku ptidni vody 7 cb (KZ2) a v roce
1999 mikroposttik pii hodnot& saciho tlaku pidni vody
35 cb (MP1). Rozdil ve vynosu hliz mezi variantou KZ1
aKZ2 vroce 1998 byl statisticky nevyznamny. Zavla-
hové mnozZstvi u varianty KZ1 bylo pfitom ca 3,5krat
men3i neZ u varianty KZ2 (tab. II). V roce 1999 byl vy-
nos hliz u varianty MP1 statisticky prikazn& vét$i nez
u varianty s mikropostfikem p¥i hodnot& sacfho tlaku
piidni vody 7 cb (MP2). Mezi po¢tem hliz u téchto variant
nebyl statisticky pritkazny rozdil. Je tedy zfejmé, Ze u va-
rianty MP1 narostly v&t3i hlizy. Vy¥§iho vynosu bylo
dosazeno pii ca tiikrat men3im zavlahovém mnoZstvi.
Nejvétdi produkéni d€innost zdvlahové vody byla v obou
letech zjisténa u variant s predzavlahovou vihkosti piidy,
odpovidajici sacimu tlaku pidni vody 35 cb, tedy pfi
tisporném zévlahovém rezimu (obr. 1). U varianty KZ1
bylo vroce 1998 zévlahové mnoZstvi pouze 45,5 mm
au varianty MP1 vroce 1999 60 mm. Produk¢ni ucin-
nost zavlahové vody byla v roce 1998 u varianty KZ1 ca
2,6krat v&t3i nez u varianty KZ2 a v roce 1999 u varianty
MP1 dokonce ca 4,7krat vétsi neZ u varianty MP2.
U variant s nejvy38i produkéni u¢innosti zdvliahové
vody byla jeji nejniz8i potfeba na 1 kg piiriistku vynosu
hliz (tab. IV).

Z uvedenych poznatkii je ziejmé, Ze ze zvolenych va-
riant byly jednozna¢né nejlepsi varianty se zavlahou pfi
hodnoté saciho tlaku ptidni vody 35 cb v hloubce 0,3 m.

40 kg.m"
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1. Produkéni uginnost zdvlahové vody — Production efficiency of
irrigation water

Zkratky viz tab. 11 — For abbreviations see Tab. II
0sa x: varianta — X axis: treatment

ROSTLINNA VYROBA, 46, 2000 (11): 495-500

IV. Vynos hliz a potteba zavlahové vody na 1 kg jeho ptiristku —
The yield of tubers and the requirement of irrigation water per
1 kg of yield increase

Vynos hliz* Potteba zavlahové vody na

Variantal (kg.ha™)’ 1 kg priristku vynosu® (m)
1998 | 1999 1998 1999

K 32570 23210 - -

KZ1 49078 26 648 0,028 0,305
KZ2 54 744 33034 0,071 0,173
MP1 44 267 36421 0,039 0,045
MP2 46 884 31789 0,053 | 0,211

" vypodteno z prim&mého vynosu hliz na kef — calculated from
the average yield of tubers per plant

'treatment, *yicld of tubers, requirement of irrigation water per
1 kg of yield increase

Ke stejnému poznatku dospél Slavik (1999) pfi po-
kusech vedenych v letech 1996 a 1997 na plose vege-
ta¢ni haly, kde byl vlahovy reZim pldy v porostu ranych
brambor regulovén pouze zavlaZovanim. Pfi usporném
zévlahovém rezimu byl pravdépodobné lepdi vzdudny
rezim puidy, lep3i hospodatfeni se zdsobou pldni vlahy
a lep3i vyuzZitelnost pfirozenych srazek spadlych v mezi-
zavlahovém obdobi. Rozdily ve vynosech hliz v jednot-
livych letech a v reakci na pouzité druhy zdvlah mohly
byt zplisobeny rozdilnymi odriidami brambor.

Zavlahova mnoZstvi uvadéna v literatufe u ranych
brambor v CR jsou vysoka proti zévlahovym mnoz-
stvim, pfi kterych jsme dosahli nejvétsi produkéni
ucéinnosti zavlahové vody. Pfi¢inou toho jsou vysoké
zévlahové davky, potitané pro velkou hloubku na-
vlazeni. Slama (1978) udava G&innou hloubku navlaZeni
u ranych brambor 0,4 m do kv&tu a potom dokonce 0,6 m.
Rybégek et al. (1988) prim&me pocitaji se dvéma az tfemi
zavlahovymi ddvkami po 60 aZ 90 mm.

Vysledky pokusii potvrdily, Ze pti zdvlaze ranych
brambor je vyhodné kvalifikované fidit zévlahovy rezim
a pouzivat k zavlaze progresivni, z hlediska spotfeby
vody usporné zplsoby zavlah. Pfi zévlaze ranych
brambor je pfinosné Fidit zavlahovy reZim tak, aby
v u¢inné hloubce provlaZenf 0,3 m odpovidala zésoba
ptdni vlahy 40 % polni vodni kapacity. Zavedenim
asporného zdvlahového reZimu lze vyrazn& zvysit
rentabilitu zavlah ranych brambor.

Pfi zpracovani pfisp&vku byly pouZity vysledky
teseni projektu MZe CR — NAZV &. EP 0960006151
Zavlahy v procesu stabilizace intenzivniho zemédélstvi.
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KMINOVA SILICE JAKO POTENCIALNI INHIBITOR KLICENI
BRAMBOR

CARAWAY ESSENTIAL OIL AS POTENTIAL INHIBITOR
OF POTATO SPROUTING

H. CiZkov4, J. Vacek, M. Vold¥ich, R. Sevtik, J. Kratka

Institute of Chemical Technology, Department of Food Preservation and Meat Technology,
Prague, Czech Republic

ABSTRACT: Potato tubers may suffer from premature sprouting during storage. Commonly used low temperature stor-
age systems or chemical sprout inhibitors could be replaced by naturally occurring compounds. The study carried out in
the season 1996/1997, 1997/1998 and 1998/1999 was focused not only on confirmation of sprout suppressing effect of
monoterpen S-carvone, which is the major constituent of caraway essential oil, but on development of S-carvone based
formulae suitable for practical use as well. The influence of caraway essential oil on potato tubers cv. Karin was tested in
small-scale experiments. The results were compared with experiments pursuit under the same conditions: untreated con-
trol, treatment with commonly used chemical inhibitor CIPC and treatment with commercial natural sprout inhibitor Talent.
The vapour of caraway essential oil in dosage of 0.1 ml/kg tubers applied regularly in four and six weeks period success-
fully inhibited bud growth at 10 °C. Weight losses caused by sprouting were 0.4 and 0.3%, whereas in the control sample
7.5% in season 1996/1997. Due to the fact, that a low, but stable S-carvone head-space concentration must be present
around the tubers and therefore active compound has to be applied regularly, several different S-carvone based formula-
tions had been also studied to elongate this period. The simplest methods such as direct spraying of essential oil or
evaporation from disintegrated caraway seeds are without any practical use. Spraying of potato tubers with essential oil
or with Talent in the season 1997/1998 developed tuber surface necroses and rotting, although the losses caused by
sprouting were minimal. Essential oil on sorbent bentonite dusted as a powder once per storage period was the most
potent application in gradual active compound release from matrix to the storage atmosphere (0 and 2.7% losses by
sprouting in 1997/1998 and 1998/1999, respectively). The direct dependence of sprouting on residual carvone and its
biodegradation products concentration in tubers was observed. S-carvone was converted into dihydrocarveol and dihydro-
carvone especially in simply accessible tissues of sprouts, peels and half tubers. Sensory analyses confirmed that
S-carvone treatment of stored tubers does not influence taste, odour and colour of cooked potatoes.

Keywords: potatoes; sprouting inhibition; carvone; caraway essential oil; storage losses; way of application; biode-
gradation products

ABSTRAKT: B&hem dlouhodobého skladovani brambor je nezbytné zabranit jejich pfedéasnému kli¢eni. K tomuto Géelu
se vyuziva skladovani pfi nizkych teplotach nebo oSetfeni hliz syntetickymi preparaty, v poslednich letech v3ak narusta
snaha o vyuziti alternativnich inhibi¢nich prostredki pfirodniho pivodu. Inhibiéni G¢inky kminové silice obsahujici ak-
tivni latku monoterpen D-karvon byly provéfeny v laboratornim méfitku. Vzhledem k tomu, Ze aktivita D-karvonu zévisi
pfimo imérné& na jeho koncentraci v plynné fazi, byla pro omezeni Eetnosti nutného oetieni hliz testovana vedle pfimého
uc¢inku odpafené kminové silice i fada dalsich aplikaci. U jednotlivych variant pfipravkd na bazi D-karvonu (kminova
silice na adsorpEnim materialu bentonit aplikovana poprachem, kminova silice aplikovand postfikem a komeréni pfi-
pravek na zdkladé D-karvonu Talent) byla sledovadna schopnost postupného uvoliiovéani aktivni latky z matrice. Sklado-
vaci ztraty o$etfenych hliz byly porovnany s kontrolni neoSetfenou variantou a variantou konven&né pouZivaného
1% CIPC. Nasledné byla sledovana zavislost stupné kli¢eni na obsahu rezidualniho karvonu v jednotlivych ¢astech hlizy.
Biokonverze D-karvonu na dihydrokarveol a dihydrokarvon probihala pfedev§im ve snadno pfistupnych pletivech. Pfi
senzorické analyze hliz o3etfenych kminovou silici nebyl prokdzén vliv na viini, chut’ a barvu testovanych hliz.

Kli¢ova slova: brambory; inhibice klieni; karvon; kminova silice; skladovaci ztraty; zplsob aplikace; degrada&ni
produkty
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UvoD

Brambory jako sezonni produkt jsou bézné sklado-
vany do vysadby v nasledujicim roce. Pokud béhem
skladovani vykli¢i, dochazi u hliz k neZddoucim zménam,
zejména k hmotnostnim ztratdm a zhor3eni jakosti.
Nejuéinnéjsim a nejlevnéj$im prostiedkem k prodlouZeni
vegeta&niho klidu (dormance), a tedy k oddaleni kli¢eni,
je teplota. VétSina odriid brambor kli¢i pfi 5 °C, a tak
sniZzenim teploty na 2 az 4 °C a jejim udrZovanim lze
kli¢eni inhibovat. Pii dlouhodobém skladovéni déle nez
do vysadby nebo pii skladovani suroviny pro zpra-
covani na smazené potravinarské vyrobky z brambor se
hlizy skladuji v 7 az 10 °C ve spojeni s umélymi nebo
piirodnimi inhibitory kliceni (Vacek, 1998).

V CR jsou povoleny dva druhy chemickych inhibitort.
Neo-Stop, jehoZ ¢innou slozkou je CIPC, se aplikuje na
uskladnéné hlizy ve formé horkého zmlZovani. FAZOR,
jehoZ aktivni sloZkou je hydrazid kyseliny maleinové, se
aplikuje jesté za vegetace v dobé &tyf az péti tydnil pred
pfedpokladanou sklizni postfikem na nat’,

Ve svété jsou nejvice pouzivany chemické inhibitory
na zakladé isopropyl N-(3-chlorophenyl)karbamatu
(pod komerénim nazvem chlorpropham nebo CIPC)
a isopropyl N-phenylkarbamatu (pod komer¢nim nazvem
propham nebo IPC), pfipadné jejich smés. Pouzivani
uvedenych latek je velmi rozsiteno, v poslednich 30 letech

se takto v zemich EU oSetfovalo az 80 % skladovanych
brambor uréenych ke konzumu. Prestoze tyto latky jsou
pod hygienickou kontrolou, dochazi v posledni dobé ke
zvySovani zajmu o alternativni ochranné prostiedky
ptirodniho pivodu.

Spolehlivé omezeni kli¢eni uskladnénych brambor bez
nezadoucich disledkii je stale velmi aktualni. Rada
pracovist’ proto intenzivné zkouma vyuZiti alternativnich
podminek zamezujicich kli¢eni, jako napf. skladovani hliz
v fizené atmosféie, §lechténi odriid neakumulujicich
cukry pfi nizkych teplotach nebo s prodlouzenou pfiro-
zenou dormanci; jednou z perspektivnich mozZnosti je
nahrada syntetickych inhibitor pfirodnimi latkami,
piedev§im monoterpeny pochazejicimi z rostlinnych silic.

Vzhledem k tomu, Ze dosud neni znam zadny struktu-
rélni nebo chemicky (t€kavost, lipofilita) faktor ani jiny
obecny mechanismus, popisujici zapojeni monoterpenti
do fyziologickych procesi Usticich v inhibici kli¢eni
brambor, byly prozkoumany inhibiéni vlastnosti $iroké-
ho spektra monoterpenti (Meigh, 1969; Beveridge et al.,
1981; Vaugh, Spencer, 1991; Vokou et al., 1993). Jako
inhibitory kli¢eni brambor se osvédgily pfedevsim tyto
terpenické latky: D-karvon, 1,4- a 1,8-cineol, borneol,
L-menthol, fenchon, limonenoxid, linalool, terpinen-4-ol
a menthon. Jde o tékavé monoterpeny, které tvofi majorit-
ni slozky snadno ziskatelnych rostlinnych silic a vyka-
zuji efektivni inhibi¢ni plisobeni na rist klicku (tab. I).

. Zdroje pfirodnich inhibitori kli¢eni a jejich G¢innost — Natural sources of potato sprout growth inhibitors and their efficiency

Rostlina' Latinsky ndzev? Aktivnf l4tka® Utinnost*
1,8-cineol'® (az 90 %)
Eukalypt® Eucalyptus globulus L-karvon'® +
borneol'”
Kmin® Carum carvi D-karvon (40-75 %) +++
Kopr’ Anethum graveolens Dikaron (40._360 2 o
karveol
Levandula officinalis
Levandule® Levandula fragrans linalool'? (50-60 %) +
Levandula intermedia
Majorénka’ Origanum majorana cineol +
L-karvon (70 %)
Mita kadefava'® Mentha spicata dihydrokarveol®® +
dihydrokarvon?'

1 e L-menthol?

Mita peprnd Mentha piperita shenthon® E
a2 : pulegon’ (85-96 %)
Maita polej Mentha pulegium menthol +
Rosa bamescena
Rize? Rosa alba borneol -
Rosa contifolia 1,8-cineol
Rosa gallica
A4 " st 1,8-cineol

Salvgj Salvia officinalis camphor?® +

+++ maximalni Géinnost — maximum efficiency
+ minimalni G&innost — minimum efficiency

'plant, *Latin name, ’active ingredient, ‘efficiency, *eucalyptus, ‘caraway, 'dill, *lavender, *marjoram, "*curled mint, "'peppermint,
“pennygrass, "'rose, '‘garden sage, "“cineol, '®carvone, "borneol, '*carveol, “linalool, *’dihydrocarveol, *'dihydrocarvone, *’menthol,

¥menthon, *pulegon, *camphor
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Jako nejlepsi potencidlni inhibitor kli¢eni byl vyhod-
nocen D-karvon. Vedle inhibi¢nich vlastnosti umoZiiuje
i relativn€ snadnou aplikovatelnost ve formé par, protoZe
jeho tékavost je napf. na rozdil od fenchonu, limonen-
oxidu, linaloolu a terpinen-4-olu dostatedn& vysoka i pfi
skladovaci teplot€ 10 °C, zéroveii je mozné ho ziskavat
ve velkych mnoZstvich z kminu nebo kopru za pomé&rng
nizkou cenu, vykazuje antimikrobidln{ i¢inek a patfi mezi
slouceniny se statusem GRAS (vSeobecné povaZovana
za bezpecnou).

Komer¢né& byl zatim vyuZzit pouze preparat Talent,
pfipraveny na zékladé kminové silice, uvedeny v Ho-
landsku na trh v roce 1994 firmou Luxan, (Anonym, 1994;
Hartmans et al., 1995). Aktivni latkou je &isty D-karvon
aplikovany zmlZovanim. U hliz vystavenych jeho dosta-
te¢né koncentraci v plynné fazi (doporuené davkovani
pipravku 75 aZz 100 ml/t, opakovang ve &tyf- aZ ¥esti-
tydennich intervalech) bylo prokdzéano tplné potladeni
kli¢eni s vysledky srovnatelnymi s b&znymi syntetickymi
inhibitory. Vzhledem k nutnosti opakované aplikace
oproti klasickému o3etfeni syntetickymi inhibitory, a tim
vy$3i cené retardace, v¥ak neni vyuZiti tohoto pfipravku
prili§ roz8ifeno a v samotném Holandsku je podporo-
vano statnimi dotacemi.

V CR se zd4 nejschiidngjsi ziskavat D-karvon také
z kminové silice. Semena kminu obsahuji 2 az 5§ % silice,
kterd obsahuje pfedevsim dva monoterpeny S-(+)-karvon
(D-karvon, 50 az 60 %) a S-(+)-limonen (D-limonen,
35 az 45 %). Inhibi¢ni u€inek byl zjistén pouze v pFipadé
D-karvonu.

MATERIAL A METODY

Retarda¢ni pokusy probihaly s nejrozsitenéjsi ceskou
konzumni odriidou brambor Karin. Béhem jednotlivych

sezon 1996/1997, 1997/1998 a 1998/1999 byla zaloZena série
laboratornich sledovani.

Retardacni pripravky byly pfipraveny vZdy t&sn& pied
pouzitim. Aktivni slozkou viech aplikovanych p¥ipravki
byl monoterpen D-karvon. Formulace, zpiisob aplikace,
cetnost a celkové mnoZstvi potencidlnich inhibitort kli-
¢eni brambor, aplikované za dané skladovaci obdobi, je
uvedeno v tab. II.

Zékladni podminky pokusu: 5 kg hliz bylo uloZeno
v plastovych nadobach o objemu 20 1, uzavienych t&s-
nicim vikem, na jejich dné& byl v pfipadé varianty
piimého odparu kminové silice kovovy rost a pod nim
Petriho miska s aktivni latkou, kterd byla doddvana
v pravidelnych intervalech. U ostatnich variant bylo
provedeno jednordzové oSetfeni pfi naskladnéni hliz.
Nédoby byly uloZeny ve tmé& pfi teploté 10 °C po dobu
16 (1996/1997), 28 (1997/1998) a 24 (1998/1999) tydni.
Vysledky ptedchoziho pokusu vzdy ovliviiovaly jak
zplsob zaloZeni nésledujiciho pokusu, tak druh
a mnoZstvi aplikovanych latek.

Bé&hem skladovacich pokusti byly pravideln& pro-
vadény analyzy atmosféry nad o3etfenymi hlizami.
Vzorky atmosféry byly analyzovany po zkoncentrovani
metodou mikroextrakce na tuhé fazi (SPME) na
plynovém chromatografu HRGC 5300 Mega Series
(Carlo Erba Instruments) s plamenovym ionizaénim
detektorem (FID). Podminky SPME: D-karvon se
izoloval adsorpci na kiemenné vldkno s polarni fazi
carbowax/divinylbenzen (Supelco Inc.) vloZené do
vnitfniho prostoru skladovaci nédoby po dobu 15 min
pii skladovaci teploté. Desorpce probihala v néstfikové
komiirce plynového chromatografu pfi teploté 230 °C
po dobu 10 min. Podminky GC: nosny plyn helium, tlak
50 kPa, kolona DB-Wax 30 m x 0,32 mm % 0,5 um, nastrik
split 1 : 50, teplota: néstfiku 230 °C, detektoru 250 °C,
kolony 70 az 180 °C, nariist 6 °C/min.

II. Varianty o3etfeni a dvkovani pripravki inhibujicich klieni — Variants of treatment and applied dose of sprouting inhibitors

. Celkové dévka ap]ikované‘ za sezonu
Varianta' il poe glzgvl:(l? a/aplikace)? Zpiisob aplikace® (ml, resp. g/kg)
1996/1997 1997/1998 1998/1999

| Neosetrens konwrola® | o | = o 0 0

1% CIPC 1 g/kg jednorazovy poprach® 1 1 1

Kminova silice® 1 (KS 1) 0,033 mikg (ﬁ""z‘yty"g:;.'; 026 092 0

Kminové silice 2 (KS 2) 02 mlke 5’1“1"‘6-"{;323 0.6 0 04"

Kminova silice + bentonit’ 04ml+2g/kg jednorazovy poprach 0 0,4 04

Kminovaé silice 0,4 mlikg jednorazovy postik'® 0 0,4

Talent 0,4 ml/kg jednorazovy posttik 0 04 0

" slozeni kminové silice: 51% D-karvon (aktivni latka), 40% D-limonen, 9% minoritni latky — composition of caraway essential oil:
51% D-carvone (active ingredient), 40% D-limonene, 9% minor ingredients
" v sezon& 1998/1999 byla koncentrace kminové silice aplikované vyparem 0,1 ml/kg — in the season 1998/1999, the concentration

of caraway essential oil applied by evaporation was 0.1 mi/kg

'variant, *dose (ml or g/kg of tubers/treatment), *way of treatment, ‘final dose used per season (ml or g/kg), *untreated control, ‘caraway
essential oil, "bentonite, ®single dusting, “direct evaporation, 'single spraying, ''weeks
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Utinnost jednotlivych aplikaci byla uréena jako
skladovaci ztraty vyparem a dychdnim, kli¢enim
a hnilobami. Zaroveri byla porovnédna s neo3etfenou
kontrolou a konven¢né& pouzivanym oSetfenim po-
prachem 1% CIPC.

Laboratorni pokusy zaloZzené pro sledovani rezi-
duélniho karvonu a stanoveni degrada¢nich produkti
v hliz4ch probihaly za t&chto podminek: 15 hliz odriidy
Karin (celych nebo rozptlenych, nekli¢icich nebo
s klicky 1 az 1,5 cm podle druhu pokusu) bylo o3etfeno
100 pl D-karvonu (dévky prepocteny na stejny obsah
aktivni latky) a skladovano pfi 20 °C ve tmé (doba
skladovani a délka aplikace karvonu rizna podle druhu
pokust).

Degradaéni produkty D-karvonu v hlizach byly
identifikovany a kvantifikovény po Bligh-Dayer extrakci
lipofilniho podilu tfislozkovym extrakénim ¢inidlem
plynovou chromatografii s kvadrupélovym hmot-
nostnim detektorem (GC-HP5890/MSD5972) za t&chto
podminek: kolona kapildrni DB-wax (30 m x 0,25 mm x
0,25 pm), pratok mobilni faze (He) 0,6 ml/min, linearni
rychlost 28,9 cnv/s, nasttik s déliem toku (split 1 : 100),
1 pl, teplota 300 °C, purge ON, teplotni program: 70 aZ
180 °C, narast 6 °C/min, detektor: ionizace molekul
néarazem elektronti 70 eV, spektrum sniméno v reZimu
TIC, teplota 280 °C. Kvantitativni vyhodnoceni bylo
realizovano metodou vnitiniho standardu. Identifikace
latek probéhla porovnanim s knihovnou hmotnostnich
spekter a reten¢nich Casii standard( hledanych latek.

VYSLEDKY A DISKUSE
Moznosti D-karvonu inhibovat kli¢eni brambor

Tendence hliz kli¢it po ukonéeni dormance (obdobi
vegeta¢niho klidu) je siln& ovlivnéna skladovacimi pod-
minkami, pfedev3im teplotou. Skladovaci pokusy byly
proto provadény pii teploté 10 °C odpovidajici pro-
voznim podminkdm a za tmy (svétlo inhibuje kli¢enf).
Laboratorni sledovéni rezidudlniho karvonu a jeho
degradacnich produktii probihalo pfi teploté 20 °C po-
uZité pro urychleni kli¢eni.

Experimentélné bylo potvrzeno, Ze inhibi¢ni u€inek
aktivni latky je pfimo imémy jeji koncentraci v atmo-
sfére nad uskladnénymi bramborami, a je tedy nutné
udrzovat po celou dobu skladovani alespoii minimalni
koncentraci karvonu v atmosféte (cca 10 pg/l). Vysoka
tekavost karvonu se tak stidvd nevyhodou. Koncentrace
karvonu v atmosfére nad hlizami se vlivem sorpce na
povrch hliz a skladovaciho zafizeni, postupné utilizace
hlizami a pfedevdim vétranim skladd v praxi postupng
snizuje a k udrZeni inhibice je tfeba aplikaci aktivni latky
periodicky opakovat. Tim se v3ak oSetfeni mnoho-
nasobné prodrazi oproti klasickym zplisobiim inhibice
kli¢eni a pozadovana t&snost skladu zaroveti pfinasi zvy-
Sené naroky na vybaveni. Pro omezeni &etnosti nutného
ofetieni skladovanych hliz byla vedle standardniho od-
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paru kminové silice testovana fada pripravki na schop-
nost postupného uvoliiovéan{ karvonu z matrice do plyn-
né féze skladovaciho prostoru (Cizkova et al., 1998).

Béhem jednotlivych skladovacich obdobi byly testo-
vany pfipravky o riiznych koncentracich karvonu a po-
tiebné &etnosti ofetfen{ hliz pro porovnani jejich vlivu
na hmotnostni ztraty skladovanych hliz (tab. II). Pro
srovnani byla vZdy zafazena kontroln{ varianta, pfi které
byly neoSetfené hlizy skladovéany za stejnych podminek
a varianta jednordzové aplikace 1% CIPC. Od aplikace
kminové silice jako emulze s riznymi latkami postiikem,
drceného kminu a kminovych osinek, kterd byla v labo-
ratornich podminkéch uginné, se vzhledem k nekréze
slupky, resp. vysokému podilu ve skladovanych hlizach
upustilo.

V tab. III jsou zndzorné&ny vysledky skladovacich ztrat
jednotlivych variant o§etfenych hliz v jednotlivych
skladovacich sezonach.V prvnim roce byla ovéfena
uginnost pfimého odparu kminové silice aplikované ve
dvou- a 3estitydennich intervalech. Statistické rozdily
hmotnostnich ztrat zptisobenych vyparem, dychdnim
a kli¢enim byly vyznamné mezi kontrolou a ostatnimi
variantami. Zatimco pfi vyskladn&ni po 16 tydnech byly
v piipad& o3etfeni silici ztraty klicenim 0,4 a 0,3 %,
u kontrolni varianty bez inhibitoru dosahly 7,5 %.

Na zéakladé ziskanych vysledkii byly v nasledujicim
roce zaloZené pokusy roziifeny o variantu kminové si-
lice nanesené na adsorpénim materidlu bentonitu
aplikovanou poprachem, variantu kminové silice
aplikovanou postiikem a variantu oSetfeni komer¢nim
pfipravkem Talent aplikovanou postfikem. U variant
kminové silice a pfipravku Talent aplikovanych ve formé
jednorazového postfiku dodlo k nekréze slupky
vyvolané zpiisobem aplikace. Nasledné zvy3ené sklado-
vaci ztraty hnilobami negativng ovlivnily celkovy vy-
sledek testu pfipravki, a proto bylo v dal3ich letech od
aplikace postfikem upusténo. Ztraty zpiisobené hnilo-
bami v uvedenych piipadech &inily 10,0 a 8,9 % pti
aplikaci posttikem oproti 0 % pfi pouZiti pfimého odparu
a poprachu a 2,5 % u kontroly. Hmotnostn{ ztraty
kli¢enim byly pti vyskladnéni po 28 tydnech v piipadé
kontroly 10,7 %, u ostatnich variant se pohybovaly
v rozmezi 0 aZ 0,1 %. Statistické rozdily byly vyznamné
mezi kontrolou a viemi ostatnimi variantami.

V poslednim roce byly pro variantu pfimého odparu
kminové silice aplikované v Sestitydennich intervalech
a poprach hliz silici nanesenou na bentonitu potvrzeny
vysledky ziskané v ptredchézejicich pokusech. Ogetteni
hliz ptimym vyparem kminové silice umisténé na Petriho
misce pod hlizami potvrdilo nutnost opakované aplikace
aktivni latky. Ze zvolenych koncentraci a period oSetfen{
byla jako dostate¢na (retardace klien{ za minimalni
moZzné koncentrace a &etnosti opakovén{) urfena
varianta vyparu 0,1 ml kminové silice dopliiované
v Sestitydennich intervalech. Z dal3ich zplisobl aplikace
aktivni latky byly dostate&né inhibi¢nf schopnosti
karvonu zaznamenany v pffpadé kminové silice na-
nesené na absorpénim materidlu bentonitu, z kterého se
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1II. Hmotnostni ztraty o3etfenych hliz b&hem skladovaciho obdobi v jednotlivych sezonach 1996/1997, 1997/1998 a 1998/1999 —
Weight losses of treated potato tubers during storage in the seasons 1996/1997, 1997/1998 and 1998/1999

Ztrity pfi vyskladnéni po’
Varianta' 16 tydnech’ (1996/1997) 28 tydnech (1997/1998) 24 tydnech (1998/1999)
V+D K H X V+D K H z V+D K H z
1 | kontrola* 1 1.5 72 15,7 1,3 10,7 25 14,5 1 134 5,6 20
2| CIPC 0,7 0 4,7 5,7 0,6 0 0,03 09 0,5 0 03 0,8
3| vypar’ KS 1 0,7 0,4 43 54 1,6 0,05 0 1,7
4 | vypar KS 2 0,8 0,3 8,1 72 1,7 0,4 1,1 32
KS+ '
) bentonit® 0,65 0 0 0,7 0,9 2,7 L1 4,7
6 | posttik” KS 24 0,1 10 126
7 | Talent 1,3 0 8,9 10,2
a pro pritkazny
rozdil mezi 0,0059 | 0,0000 | 0,6007 | 0,0021 | 0,1384 | 0,0000 | 0,1702 | 0,0929 | 0,0346 | 0,0000 | 0,1789 | 0,0010
variantami®
Pritkazny rozdil
mezi variantami| 1 x 2,3 I=2,3, 1%2.2 %23, 2x4 24, Lx24,
= 4 4 56,7 5 5)
pro a=0,05

V + D= vyparem a dychanim — by evaporation and respiration
K = kli¢enim — by sprouting
H = hnilobami — by rotting

'variant, *losses during storage after, *weeks, ‘control, *evaporation, ‘bentonite, “spraying, "significant difference between variants

po poprachu hliz karvon postupné uvolitoval do okoli po
celé obdobi skladovéni (sezony 1997/1998 a 1998/1999).

Béhem pokusti se projevil reverzibilni inhibi¢ni G¢inek
karvonu. Po vyskladnéni brambor, coZ mimo jiné zna-
menalo i odstranéni karvonu ze skladovaci atmosféry,
spontanné dochézelo k novému kli¢eni. Vysoka koncen-
trace karvonu v plynné fazi (10 az 15 mg/l) vedla
k nekr6zam kli¢kd, ale postranni ocka si uchovala svoji
Zivotaschopnost a po poklesu koncentrace zatala kli¢it.
Tento jev by mohl v budoucnu umoZnit vyuZit{ karvonu
nejen jako inhibitoru kli¢eni, ale i jako regulatoru ristu
kli¢kt. Pokud za&nou skladované hlizy kligit pifli§ brzy,
jedna vysokéd davka karvonu zcela inhibuje kli¢eni na
ptechodnou dobu.

Odhadované naklady na retardaci 1 kg hliz zmlZenim
kminové silice za skladovaci obdobi jsou vzhledem k jeji
tekavosti a nutnosti opakované aplikace (pfedpoklad
jedenkrat za 3est tydni) SO halért, kdezto u CIPC pfi
jednorazové aplikaci 2 halére. Toto navySeni ndkladi na
skladovani hliz je pfi soufasné cen& brambor tézko
akceptovatelné. V pfipadé optimalizace metody jedno-
razové aplikace kminové silice by vak bylo dosazeno
ceny o3etfeni 10 haléiti na 1 kg brambor.

Zdravotni nezavadnost, vedlejsi aspekty pouZiti
a mechanismus piisobeni inhibi¢nich pFipravki
na bazi D-karvonu

Vyuziti karvonu jako pfirozeného inhibitoru kli¢eni

brambor by bylo z hlediska hygienického i toxikologic-
kého vitanym fe3enfm. Karvon (a kminova silice) je
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v mnoha zemich dlouhodobg pouZivan jako potravinafské
aditivum. Povoleny v potravinéafstvi organizaci Food and
Drug Administration je od roku 1961, GRAS-statut
(Generally Recognized as Safe) ziskal roku 1965. B€hem
dlouhodobého toxikologického vyzkumu piisobeni
karvonu nebyly zaznamenédny Z4dné karcinogenni nebo
jiné patologické zmény sledovanych organismi.

V ptitomnosti D-karvonu dochézelo k inhibici kli¢en{
sledovanych hliz b&hem jednoho aZ dvou dnii. Mecha-
nismus pdsobeni viak neni dosud znamy, dokonce bylo
prokazano, Ze v tomto pfipadé neplati ani obecné uzna-
vana teorie toxického vlivu lipofilnich slouéenin, jako
jsou i monoterpeny, na bun&&né membrany a rozvraceni
jejich energetického systému. Vedle vlivu D-karvonu na
prodluzovani bungk, ktery byl pozorovén jako zesileni
a zastaveni ristu kli¢kd na o3etfenych hlizach, byla
prov&fovana i teorie inhibice bun&¢ného déleni. Dosud
nebyl potvrzen obecny vliv D-karvonu na proteo-
syntézu, naopak syntéza n&kterych enzymil po o3etfeni
karvonem vzriista. Je v8ak pravd€podobné, Ze pozorovany
pokles aktivity 3-hydroxy-3-methylglutaryl coenzyme
A reduktazy (E.C.1.1.1.34), kter4 je kli€¢ovym enzymem
procesu vedouciho k dé&leni bun&k, zplisobeny sniZzenim
syntézy, popfipadé rychlym odbouranim, je spojeny
s hledanym mechanismem inhibi¢nfho u¢inku D-karvonu
(Oosterhaven et al., 1995).

Rezidualni koncentrace karvonu v o3etfenych neporu-
enych, nekli¢icich bramborovych hlizédch skladovanych
pii 10 °C po dobu 28 tydni (viz kapitola Materiél
a metody) byla namé&Fena ptiblizné 0,5 az 5 mg/kg
v zavislosti na zpiisobu o3etfeni, pfiemZ 95 % karvonu
se nachazelo ve slupce brambor. Jakmile byly hlizy
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1. Obsah rezidualniho karvonu v jednotlivych &astech hlizy v zévislosti na dob& skladovéni; A) o3etfeno D-karvonem, B) o3etfeno
kminovou silici; primér ze tfi méfeni, rel. smérodatna odchylka < 5 % — Concentration of residual S-carvone in different parts of
potato tuber in dependence on storage time; A) treated with D-carvone, B) treated with caraway essential oil; average for three mea-

surements, standard deviation < 5%

osa x: doba skladovani (dny) — x axis: storage time (days)
osa y: koncentrace karvonu — y axis: carvone concentration

vyskladnény, zdroj karvonu odstranén a hlizy uloZeny
pfi teploté 20 °C, vétSina jich vykli¢ila b&hem jednoho aZ
dvou tydnii, pficemz byla pozorovana pfima zavislost
ristu kli¢kd na koncentraci karvonu na povrchu hliz
(Cizkova, 1998, nepubl.).

V dil¢im experimentu byly pfedem nakli¢ené bram-
bory (délka kli¢t 1 az 1,5 cm) vystaveny pfimému
pusobeni karvonu (aplikace odparem) po dobu sedmi
dnt. Po odstranéni aktivni latky byl sledovan jeji osud
v hlizach v souvislosti s novym kli¢enim. Kromé pri-
mérné koncentrace karvonu v celych hlizéch byl sledovan
i jeho obsah ve slupce, vnéjsi korové vrstvé a v kli¢cich.
Nejvy3si obsah karvonu v hlizach, kli¢cich i slupce
a vné&jsi korové vrstvé byl podle pfedpokladu zjistén
sedmy den skladovaciho pokusu, po odstranéni karvonu
z atmosféry doglo k vyznamnému poklesu jeho koncen-
trace v pletivech. Nové kli¢eni zapocalo ve v3ech pfi-
padech cca 14. az 16. den po odstranéni karvonu z okolni
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kli¢ky — sprouts
celé hlizy — whole tubers
slupky — peels

atmosféry (tj. 21. az 23. den skladovani). V té dobg jiZz
poklesla koncentrace karvonu v celych hlizach pod mez
kvantifikace pouzité analytické metody (0,5 mg terpenwkg
matrice), koncentrace karvonu v piivodnich kli¢ich a na
povrchu hliz poklesla pod 3 mg/kg a b&hem nésledu-
jicich 27 dni pod 0,5 mg/kg. Vedle ptimého vlivu &istého
D-karvonu byl za stejnych podminek posuzovan
i u¢inek kminové silice (obsah 51 % D-karvonu) a byl
potvrzen trend postupného poklesu koncentrace v ple-
tivech (obr. 1).

Biokonverze karvonu probihala pfedeviim ve snadno
ptistupnych pletivech klickl, ve vné&ji korové vrstvé
pod slupkou nebo v mechanicky poruSenych pletivech
hliz. Karvon byl metabolizovén na vice redukované
slouceniny, jejichz fytotoxicita viigi klickim a expono-
vanym pletiviim je niZ3i, jak uvadi literatura (Oosterhaven
et al.,, 1995). Hlavnim degrada¢nim produktem
D-karvonu v hlizach byl metodou GC/FID a GC/MS po
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2. Obsah rezidualniho karvonu a jeho hlavnich metaboliti po oSetfeni D-karvonem v jednotlivych &astech hlizy; A) slupka a vngjsi
korové vrstva, B) klicky; pramér ze tii mé&feni, rel. smérodatna odchylka < 5 % — Concentration of residual S-carvone and its main
metabolites after treatment with D-carvone in different parts of potato tuber; A) peels, B) sprouts; average for three measurements,
standard deviation < 5%

dihydrokarvon — dihydrocarvone

osa x: doba skladovani (dny) — x axis: storage time (days)
osa y: koncentrace rezidui — y axis: residual concentration
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dihydrokarveol — dihydrocarveol
karvon — carvone
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extrakci uréen dihydrokarveol a dihydrokarvon, dalsf
metabolity (isodihydrokarveol, karvyl acetat a hydro-
xylované karvony) se vyskytovaly ve stopach. K vyznam-
né konverzi karvonu v kli€cich a slupce a ke vzniku
degradaénich latek dochézelo je¥t¥ maximalng &tyfi az
$est dnl po odstranéni karvonu z atmosféry, poté
nasledoval pokles jejich koncentrace (obr. 2). Ve vzor-
cich celych hliz se degradacni litky nepodafilo identi-
fikovat.

Kminov4 silice a obdobné& i samotny karvon vykazuji
vyrazné organoleptické vlastnosti. Typické nasladlé, tep-
1é a kofenéné chuti kminové silice je vyuZivano v pekat-
stvi, cukrafstvi a v napojarském primyslu. Ackoliv
rezidudlni koncentrace karvonu v oSetfenych hlizach
byly velmi nizké, byly brambory senzoricky testovany na
piitomnost jakékoliv nepfirozené chuti a ving. Bylo
potvrzeno, Ze aplikace karvonu za vySe popsanych pod-
minek nema vliv na chut ani barvu varenych hliz bram-
boru.
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SUSCEPTIBILITY TO MECHANICAL DAMAGE OF POTATOES
CULTIVATED IN DIFFERENT REGIONS OF THE CZECH REPUBLIC

CITLIVOST BRAMBOR PESTOVANYCH V RUZNYCH OBLASTECH CR
K MECHANICKEMU POSKOZENI

K. Hamouzl, J. Blahovecl, B. Vokélz, 3 (vl‘epl2

'Czech University of Agriculture in Prague, Czech Republic
Potato Research Institute, Havlic¢kiiv Brod, Czech Republic

ABSTRACT: Seven potato varieties were cultivated in 12 localities that can be classified into two characteristic regions:
i) classical higher land region (cooler and more humid) and ii) lower land region (warmer and drier) in 1995 to 1997.
Susceptibility to mechanical damage of the harvested tubers was studied extensively using the pendulum MIDAS 88 PP.
The obtained parameter, the so called pendulum index (PI) represents percent part of the tubers not damaged in the test.
The results obtained show that all the factors (i.e. season, region and variety) significantly influence the pendulum index.
Pendulum index of the tubers produced in the lower land region was significantly higher (~74%) in comparison to the
higher land region (~61%). The significantly higher pendulum index was observed for medium-early varieties Korela
(~82%), Rosella (~76%), and Santé (~73%) in comparison with early varieties Karin (~56%), Agria (~58%) and very
early variety Impala (~63%). The season played the main role in the obtained Pl-values: 87% (1995), 53% (1996) and
64% (1997). The efforts to find correlation between the PI and chemical composition finished without any success.

Keywords: potatoes; mechanical damage; pendulum index; locality; variety; season

ABSTRAKT: Byly sledovany rozdily v citlivosti hliz k mechanickému po3kozeni u brambor vypé&stovanych v tradi¢nich
bramborafskych oblastech (vy$3i polohy) a v niz8ich polohéch, které jsou teplejsi, sudsi a irodn&jsf. P¥esné polnf pokusy
se sedmi odriidami (obr. 2) prob&hly v letech 1995 aZ 1997 na $esti stanovidtich kazdé oblasti. Primé&rné nadmoftska vyska
stanovi$t’' ve vy3sich polohach je 531 m a v niZ8ich polohdch 244 m, primérné sra?ky a teploty za vegetaéni obdobf uvadi
tab. I. Podrobnéjsi charakteristiku oblasti publikovali Hamouz et al. (1999). Citlivost sklizenych hliz k mechanickému po3-
kozeni byla testovana na odrazovém kyvadle MIDAS 88 PP. Sledovany parametr, tzv. pendulum index (PI), udava procen-
tudlni podil nepodkozenych hliz pfi testu. Ke statistickému zhodnoceni byl pouZit program SAS 6.12, metoda ANOVA,
test podle Tukeye. Hodnoty minimalni priikkazné diference jsou uvedeny v textu pod obr. 1 az 3. Vysledky ukazaly, Ze
viechny sledované faktory (tj. oblast, odrida a ro€nik) prikazn& ovlivnily hodnotu PI (obr. 1 aZ 3), i kdyZ jejich vliv byl
velmi rozdilny (tab. II). U brambor z vy$sich poloh byla ve viech pokusnych letech prokdzana vy33i citlivost
k mechanickému po3kozeni proti niZz§im polohdm (obr. 1). Ddvame to do souvislosti s Grovni vyzrélosti sklizenych hliz,
pevnostf slupky a velikosti bunék v duZniné€ (Storey, Davies, 1992). Vyzrélost hliz z vy38ich poloh zfejmé ve viech letech
negativn& ovlivnily niZ3i teplotni priméry a vy33i thrny srdZek za vegetadni obdobi, ale hlavn& za mé&sice srpen
a zafi, kdy brambory dozravaly (tab. I). Vliv odridy na hodnotu PI se uplatnil ze sledovanych faktori nejméng, ale byl
statisticky vyznamny (obr. 2). Polorané odridy Korela, Rosella a Santé dosahly v priméru tfi let prikazn& vy3$3ich hodnot
PI nez rané odridy Karin, Agria a velmi ranad odriida Impala. Polopozdni pramyslova odrida Ornella vykazovala
v relaci s ostatnimi odridami stfedni hodnoty PI. Nejvétsi vliv na citlivost hliz k mechanickému poskozeni mél ro¢nik
(tab. II). Velmi rozdilny prub&h podasi ve vegetaénim obdobi jednotlivych let (tab. I) zfejmé& ovlivnil vyzralost hliz podobné
jako v ptipad& p&stebnich oblasti. Nejméné& pfiznivy vliv na hodnotu PI (obr. 3) mé&lo chladné a vlhké potasi, zejména
v zévéru vegetace roku 1996. V tomto roce se projevila nejvétsi variabilita PI (obr. 4). P¥ili§ pozitivn& v3ak nepusobilo ani
extrémné teplé a suché podasi v zdvéru vegetace roku 1997. Nejlepsich vysledki bylo dosaZeno v roce 1995 s mirné& nad-
primérnymi teplotami i srazkami témé&F po celé vegetadni obdobi. V praci jsme se rovnéZ pokusili nalézt objektivni p¥iginy
rozdilnych hodnot PI v chemickém sloZeni testovanych hliz (su$ina, 8krob, vlédknina, N-latky, bilkoviny, dusi¢nany,
P, K a redukujici cukry). DosaZené koreladni koeficienty viak byly obecn& nizké (v ptipadé tfiletého priméru vysledki),
ato i pfi pouZiti mnohondsobné regresni analyzy. Nejlepdiho (pritkazného) vysledku bylo dosaZeno pro kombinaci obsahu
drasliku a vldkniny (obr. 5).

Klitova slova: brambory; mechanické po3kozeni; kyvadlovy index; stanovité; odriida; ro&nik
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INTRODUCTION

Damage to potato tubers due to mechanical forces is
among the most important causes of loss of production
and quality reported throughout the world. The causes
of such damage are mechanical injuries that occur prima-
rily in association with harvesting and grading (Peters et
al., 1996). Apart from the losses incurred due to rejected
tubers additional losses to the producer result from the
higher labour cost of sorting out damaged tubers and in-
creased wastage in store due to increased moisture loss
and to the higher incidence of secondary infections
(Gray, Hughes, 1978).

Damage, which occurs, can be divided into two groups,
firstly external damage including scuffing on the skin,
cuts or gouges, crushing and splits or cracking and sec-
ondly internal damage, which is usually of two types, in-
ternal shattering or cracking and blackspot (Storey,
Davies, 1992). Gray, Hughes (1978) showed that the
forms of damage are affected by variety, maturity and
growing and storage conditions. The amount of damage
due to mechanical force depends on mechanical and
rheological properties of tubers that are generally formed
as susceptibility of damage. These properties interrelate
with the modifying environmental influences (Storey,
Davies, 1992), so that also the size and shape of tuber
influence the amount of damage occurring. With regard
to shape, tubers having a small radius of curvature, for
example in long tubers, are more prone to damage
(Storey, Davies, 1992). Cultivars with weak skins are of-
ten more susceptible to cracking. The skin strength is
associated with maturity of tuber (Burton, 1989; Wirsing,
Horneburg, 1994).

Many attempts to find some correlation between para-
meters of quasi-static tests (puncture tests, compression
tests etc.) and susceptibility to mechanical damage in
1950s and 1960s finished without success. This is why
the dynamic tests have been used to determine the po-
tato susceptibility to mechanical damage. A range of tests
used to evaluate aspects of damage include simple drop
tests, shaking boxes or trays, rotating discs, rams, me-
chanical hammer type devices and pendulums (Hughes
et al., 1985). Pendulum test, with appropriate instrumen-
tation provide information on impact parameters, such as
energy absorbed, tuber tissue deformation and impact
duration which enable more precise relationships to be
established between the tuber characteristics and type
and extent of damage (Storey, Davies, 1992). The rela-
tionship between physical factors measured electroni-
cally by using a pendulum and fracture damage was
investigated in potato genotypes showing a wide range
of damage susceptibility. The highest correlation values
with damage extent were generally found for energy ab-
sorbed and permanent deformation which, for example
respectively explained 91 and 93% of the variation in ex-
ternal damage (Grant, Hughes, 1985).

The variety-dependent susceptibility of potatoes to
serious mechanical injury was confirmed in three-year
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experiments (Misener, Tai, 1993) which are also estab-
lished by other authors. The precise reasons why certain
varieties are more predisposed to external damage are
unclear. The cultivar responses can be modified by grow-
ing conditions and mineral nutrition; both affect specific
gravity and perhaps cell wall structure and cell size
(Hunnius et al., 1972). Field damage has been shown to
be affected by site, season, fertilisers and cultural prac-
tices. It has often been shown that also soil conditions
affect damage. More damage is found generally in tubers
harvested from sandy soils than in tubers harvested
from clay soils. Rainfall and irrigation have been found
to increase damage (Gray, Hughes, 1978). Effect of rain-
fall and temperature distribution during the growing sea-
son on the degree of mechanical damage to potato tubers
was studied in Poland. The index of mechanical damage
was positively correlated with rainfall in May to Septem-
ber, particularly that during August to September and
negatively correlated with the heat sum in May to Sep-
tember, particularly that during ripening (Marks et al.,
1993). The effect of nitrogen, phosphorus and potash
fertilisers on damage susceptibility has been studied by
different workers (e.g. Hunnius et al., 1972), who found
that high rates of P and K fertilisers reduced damage. On
the contrary changes of the N rates (from 40 to 120 kg N
per ha) did not change the extent of mechanical damage
(Divis, Stérba, 1997). Some authors (Storey, Davies, 1992)
showed that susceptibility of external damage is also af-
fected by chemical composition of tubers, especially dry
matter content. Blahovec et al. (1990) found that resis-
tance of tubers to mechanical damage decreased not
only with increasing dry matter content in the tubers but
also with increasing fibre content of tuber sides.

The aim of this paper is to demonstrate the differen-
ces in susceptibility to mechanical damage between the
potatoes cultivated in different production regions of
the Czech Republic: traditional potato growing regions
and lower situated regions where in 1990s was observed
a significant increase of production of potatoes for human
consumption. These regions have different soil and cli-
matic conditions.

MATERIAL AND METHODS

Potato samples. The varieties Impala, Karin, Agria,
Korela, Rosella, Santé and Ornella were cultivated in
field trials according to unique farming techniques on
12 localities in the Czech Republic in 1995 to 1997. Six of
12 localities were situated in lower, warmer and drier re-
gions (average altitude 244 m, average temperatures and
precipitation are given in Tab. I) with fertile predomi-
nantly loam soils (Orthic Luvisol and black Luvic Cher-
nozem prevail) and in this contribution they are indicated
with common term lower regions. Other localities were
situated in higher (average altitude 531 m), cooler and
more humid regions with less fertile predominantly
sandy loam soils (Cambisol prevails) and they represent
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. Main weather characteristics of the regions in 1995 to 1997

Average temperature (°C) Sum of precipitation (mm)
b S August September Se’;& r:rll;er August September Segrel;ir]l—ber
LR 18.92 13.57 15.63 90.6 82.4 439.9
1995 HR 16.15 11.80 13.42 100.2 113.0 5271.7
X 17.53 12.68 14.53 95.4 91.7 483.8
LR 18.23 11.10 14.57 733 53.1 463.5
1996 HR 16.12 9.02 12.40 97.1 69.0 490.9
X 17.18 10.06 13.48 85.2 61.1 4712
LR 19.90 13.98 15.02 46.9 29.3 391.8
1997 HR 18.02 12.70 13.12 33.6 25.6 4879
X 18.96 13.34 14.07 40.2 273 439.8
LR 18.03 14.28 15.15 71.5 45.4 360.1
Long-term average HR 15.83 11.23 12.73 83.2 522 424.7
3 16.93 12.76 13.94 77.3 48.8 3924

LR - lower regions (average of six localities)
HR - higher regions (average of six localities)
x — average of 12 localities

traditional potato growing regions in the Czech Repub-
lic. In our contribution we have indicated them as higher
regions. Further details and characteristics of trial locali-
ties have been described in the previous paper (Hamouz
et al,, 1999). The mean main weather parameters in the
tested period are concentrated in Tab. I. The tubers of
the mentioned varieties were manually harvested and
healed three weeks at 15 °C and 95% humidity.

Pendulum test. Perfect 30 tubers 40 to 60 mm in dia-
meter were used to the test. The pendulum MIDAS 88 PP
(dr. Ing. H. Gall — Sensorik, Gross Liisewitz, Germany)
was used as a tester of susceptibility of the tubers to
mechanical damage. Every tuber was tested in a special
jig (Gall, Zachow, 1992) and than impacted two times re-
peatedly into the same side part of the tuber by the pen-
dulum impactor (m = 0.048 kg, impact energy E, = 150 mJ,
diameter of indentor = 7 mm). The rebound heights after
impacts were determined and the individual test was
classified as elastic when the second rebound height
was higher or equal to the first one. The pendulum index
for the whole sample was calculated as the sum of the
elastic impacts divided by the total number of the tested
tubers (30).

Chemical analysis. Dry matter content: A representa-
tive sample of washed tubers with skin was homo-
genised in a laboratory mixer. Homogenous pulp (20 g)
was pre-dried overnight in drying-oven at a temperature
of 60 °C and further dried for 3 hours at 105 °C. The re-
sulting weight loss was determined. Starch in potatoes
was determined using the Ewerts’ polarimetry. Crude pro-
tein (A x 6.25) determination was based on Kjeldahl’s
method. Henneberg-Stolmann’s (Fibretec of Tecator)
method and Luff-Schoorl’s method was used to deter-
mine the fibre content and reducing sugars content, re-
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spectively. Nitrates, phosphorus, and potassium con-
tents were determined by ion selective electrode, pho-
tocolorimetric method, and AES after mineralisation
(Flame Photometer Flapho 4, Carl Zeiss Jena), respec-
tively.

Statistics. SAS 6.12 package was used for statistical
evaluation of the obtained results.

RESULTS AND DISCUSSION

The obtained results are presented in Figs. 1 to 4.
The results show that the pendulum index, as a meas-
ure of less susceptibility to mechanical damage, is
strongly influenced by region, variety and year, but the
role of these sources of variance is different in differ-
ent cases (Tab. II). The objective sources of the ob-
served differences in PI we tried to find in chemical
composition of the tested tubers (dry matter, starch, fi-
bre, N-substances, protein, nitrates, phosphorus, po-
tassium, and reduce sugars). The obtained correlation
coefficients were generally very low even if we used
stepwise multiple regression analysis. The best result
was obtained for combination of potassium and fibre
contents (Fig. 5) with very low multiple coefficient of
correlation 0.38 but with ¢-value higher than critical
value at 0.05 level. The low correlation level led us to
try to explain at least some part of the results’ variance
by the weather analysis.

II. F-values for all the measured pendulum indexes

| Regions 49.85 Varicties 1828 | Years 13407 |
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1. Pendulum index of potatoes cultivated in different conditions;
the results represent seven varieties and six localities in every
year and every region type; least significant differences (LSD) as
determined by Tukey test (SAS, 1996) were 5.08 (1995), 6.77
(1996), 5.58 (1997) and 3.35 (average)
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3. Pendulum index determined for potatoes cultivated in differ-
ent years; the results represent seven varieties and 12 localities
in every year; LSD (Tukey test) was 4.92

Role of region

The obtained results show clearly differences between
both the studied types of regions. For potatoes culti-
vated in lower land regions were measured significantly
higher values of PI than in higher land regions. This
conclusion can be made not only for total sum of experi-
ments but also for the individual seasons separately
(Fig. 1). We suppose that this clear result has to be con-
nected with the level of maturity of the harvested tubers,
thickness of tuber skin and may be the tissue cell dimen-
sion (Hunnius et al., 1972; Burton, 1989; Wirsing,
Horneburg, 1994). Long-time experience shows (Gray,
Hughes, 1978) that in higher land regions the level of
maturity is lower than in lower land regions, because
lower temperatures in this region enlarge vegetation pe-
riod. In our case the similar conditions were also ob-
served (Tab. I) in all the season the lower temperatures
were measured in comparison to the lower land regions.
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2. Pendulum index determined for potatoes of different varieties;
the results represent three years and 12 localities; LSD (Tukey
test) was 9.47
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4. Coefficient of variation of pendulum indexes of variety sets in
single seasons

On the other hand, precipitation sums were higher in the
higher land regions than in lower ones, the same conclu-
sion can be made for precipitation sums in August to
September period, in which potatoes matured.

Role of variety

Significant role (Fig. 2) of variety for Pl-value seems
to be lowest from those analysed in Tab. II. The role of
variety in susceptibility to mechanical damage was stud-
ied by many authors (Storey, Davies, 1992; Misener, Tai,
1993; Wirsing, Horneburg, 1994) and our results confirm
the previous studies. From seven varieties used to study
the highest values of PI were observed for medium-early
varieties Korela, Rosella and Santé; these values were
significantly higher than the values found for early vari-
eties Karin, Agria and very early variety Impala. For me-
dium-late variety Omella the medium values of PI were
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Model Pendulum Index (%)
2

Pendulum Index (%)

5. Model pendulum index (PI = 79.1 — 24.86¢; + 8.95¢/, cx — po-
tassium content in dry matter, ¢, — crude fibre content in dry
matter) obtained by stepwise multiple regression analysis plotted
against the measured PI; full line denotes equality of both the pa-
rameters

observed. The PI differences observed for different
groups of the varieties can be caused by the differences
in dry matter content (Blahovec et al., 1990; Storey,
Davies, 1992), which correlates at least partly with the
length of vegetation period (Storey, Davies; 1992). This
way of interpretation of our results finished without suc-
cess. It seems that variety disposition to mechanical
damage is modified by the ecological and cultivation
conditions in so manner that it is very difficult to define it
(Misener, Tai, 1993).

Role of season

Tab. II shows that season played the main role as
a source variance in our results. Different years are dis-
played by significantly different values of PI in Fig. 3.
The lowest season Pl-value was observed in 1996
(83.4% of Pl-value in 1997 and only 60.9% of Pl-value in
1995). This relation can be caused by the lower maturity
(Burton, 1989; Wirsing, Horneburg, 1994) of tubers in
1996, in which the lowest mean temperature in vegetation
period was observed (0.5 °C under long-time mean
value). Especially September 1996 was extremely cold
with mean temperature 2.7 °C under the long-time mean
value. The precipitation level in period of vegetation in
1996 reached 121.6% of the long-time mean value; in Au-
gust it was 110.2% and in September even 125.2%. Simi-
lar weather is mentioned also by Marks et al. (1993) as
weather increasing susceptibility to mechanical damage.
Also the dry matter content of the tubers was lowest in
1996. In 1997 with very hot and dry weather in the end of
vegetation period (Tab. I) were observed higher values
of PI than in 1996 but the best influence on the sensitiv-
ity to mechanical damage was observed in 1995, the year
with slightly over-mean temperatures and precipitation
during the whole period of vegetation. Similar trend was
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also observed for coefficient of variation (C¥). Fig. 4
contains the CV for the single variety a season sets and
it is clear, that high C¥ in Fig. 4 correspond to low val-
ues of PI plotted in Fig. 3. It means that in the season
with worse weather conditions (1996) not only lower val-
ues of PI, but also the higher CV of this parameter were
observed. Our results show in agreement with the other
authors (Gray, Hughes 1978) that the susceptibility to
mechanical damage can be reduced especially in seasons
with medium and stable weather. Weather variations and
extremes have to lead to increasing potato damage and
increasing yield losses.
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THE VIABILITY OF WEED SEEDS IN FARMYARD MANURE

ZIVOTASCHOPNOST SEMEN PLEVELU V CHLEVSKEM HNOJI

I. RemeSova

Mendel University of Agriculture and Forestry in Brno, Czech Republic

ABSTRACT: In 1997 and 1998, the effect of some processes in the digestive system of polygastric animals and the
effect of maturing farmyard manure on the viability of weeds were investigated. Under laboratory conditions weed seeds
were exposed to a solution which simulated the properties of rumen fluids and pepsin enzyme. The seeds were left in
farmyard manure for 3 and 6 months. After 6 months, the proportion of viable seeds in the manure decreased to the
minimum (0 to 10%). In the course of maturing, the intensity of losses of the viability of the seeds in farmyard manure
increased (in the 1st to 3rd months fewer seeds lost their viability than in the 4th to 6th months). The proportion of
viable seeds among seeds kept under laboratory conditions (in vitro) in rumen fluid and pepsin solution significantly
decreased. The effect of pepsin solution was stronger. Seeds exposed to processes similar to the digestive system of
polygastric animals before being placed in the manure were disrupted much faster than the intact and mature seeds (seeds
that had dropped from plants growing on and around the manure heap).

Keywords: viability of weed seeds; rumen fluid; pepsin; farmyard manure

ABSTRAKT: V letech 1997 a 1998 byl sledovan vliv n&kterych procesi v travicim traktu polygastrickych zvifat a vliv
zréni chlévského hnoje na Zivotaschopnost semen plevelt. /n vitro byla semena vystavena pisobenf roztoku, které simu-
lovaly procesy v bachoru a slezu (laboratorn& pfipravena bachorova tekutina a roztok pepsinu). Takto preparované semena
a semena, kterd nebyla t€émto vliviim vystavena, byla uloZena do zrajicfho chlévského hnoje, ato na dobu 3 a 6 mésicu.
Intenzita ztraty Zivotaschopnosti semen v chlévském hnoji se v prib&hu doby zrani zvy3ovala (v 1. aZ 3. mésici ztratil
Zivotaschopnost mendi podil semen neZ ve 4. aZ 6. mé&sici). U semen, kterd byla vystavena vlivim bachorové tekutiny
a pepsinu, klesly podily Zivotaschopnych semen o vyznamné hodnoty. Vy3$8i G€innost mél roztok pepsinu. Semena,
ktera byla po této preparaci ulozena do hnoje, byla podstatné vice rozruSovéna (po 6 mésicich byl podil Zivotaschopnych
semen 0 aZ 3 %) neZ semena, kterd nebyla takto ovlivnéna (odpovida situaci semen vysemenénych z rostlin rostoucich
na hnojisti).

Kli¢ov4 slova: Zivotaschopnost semen pleveli; bachorova tekutina; pepsin; chlévsky hnij

INTRODUCTION

One of preventive measurements of weed manage-
ment is to avoid dissemination of their fruits and seeds
in arable soil. In this context, dissemination of seeds
with farmyard manure is important.

The weed seed bank in farmyard manure is composed
particularly from seeds present in facces of farm animals,
bedding and the seeds produced by weed plants that
grow on or around manure heaps (Dvofék, 1979a).

Kohout, Skoda (1993) state that common farm manures
(farmyard manure and cattle slurry) contain viable seeds
of particularly aggressive weed species. These are mostly
Amaranthus retroflexus L., Chenopodium album L.,
Polygonum lapathifolium L., Tripleurospermum mari-
timum L., Galium aparine L., and Echinochloa crus-galli.

A considerable part of seeds present in farmyard ma-
nure are disrupted up to total loss of their germinability
during manure storage. However, these decomposing pro-
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cesses depend namely on atechnique and time of farm-
yard manure storage (Dvorak, 1979b; Dvoték et al., 1987).

After 6- to 8-month storage, the manure in the treated
manure heap can be considered free of weeds (Kohout,
1990). Viability of weed seeds is markedly reduced al-
ready after 3 months (Rupende et al., 1998).

The objective of the presented work was to test ef-
fects of digestive fluids and farmyard manure storage on
weed seed viability.

MATERIAL AND METHODS

The experiments were established on 25 November in
1997 and on 18 November in 1998 when weed seeds were
placed in cattle manure in a field manure heap at 1-m depth
below the surface of the heap. They were left there for
3 and 6 months. The seeds were placed in nylon bags
per 50 pieces in four replicates per variant. Seed viability
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in all variants was assessed using a tetrazolium test and
in addition, a test of germinability was carried out in vari-
ant A (see below).

A list of variants

Variant A — seeds were placed in farmyard manure with-
out preceding preparation (a test of germinability was
carried out in germinators)

Variant B — seeds were placed in the solution simulating
properties of rumen fluid for 48 h

Variant C — seeds were placed in the solution of pepsin
enzyme for 48 h

Variant D — seeds were placed in rumen fluid for 48 h and
in pepsin solution for 48 h (total period of preparation
was 96 h)

Variant E — seeds were exposed to the solution simulat-
ing rumen fluid for 48 h prior to their placing in the
manure heap

Variant F — seeds were exposed to the solution of pepsin
enzyme for 48 h prior to their placing in the manure
heap

Variant G — seeds were exposed to rumen fluid for 48 h
and the solution of pepsin enzyme for 48 h (a total pe-
riod of preparation was 96 h) prior to their placing in
a manure heap

The solution simulating rumen fluid (variants B, D, E,
and G) with 14.3 mmol NH; was prepared as follows:
0.944 g (NH,),SO, dried for 3 h at 105 °C were dissolved
in distilled water and the volume adjusted to 1000 ml. If
this solution is kept in a refrigerator, its properties remain
stable for a month.

To simulate effects of rumen fluid (variants C, D, F,
and G), a solution of diluted hydrochloric acid containing
pepsin enzyme at defined activity (Czech Standard — Meth-
ods for Feed Testing) was used. 2 g of pepsin 1 : 100
(CsL 3) were dissolved in 1000 ml hydrochloric acid
[c (HCI) = 0.0745 mol.I"'] which was prior heated to
40 + 1 °C. This temperature was maintained for the whole
period using a thermostat. A fresh solution is used for
this assessment. The content of the flask was stirred af-
ter 24 h. After preparation, the seeds were subjected to
a tetrazolium test.

Forty-eight-hour effects of rumen fluid and pepsin
were determined according to the Czech State Standard
CSN 46 7092, part 5 — Methods for feed testing (in vitro
determination of nitrogen content). This period was suf-
ficient because the feed remains in the rumen for 2 h and
in the abomasum for about 30 to 60 min.

Seeds of the following weed species were used: black
bindweed — Fagopyrum convolvulus L., wild oats —
Avena fatua L., barnyardgrass — Echinochloa crus-
galli L., redroot pigweed — Amaranthus retroflexus L.,
common lambsquarters — Chenopodium album L., cleav-
ers — Galium aparine L., scentless mayweed — Tripleuro-
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spermum maritimum L., quackgrass ~ Agropyron re-
pens L.

After 3- and 6-month storage of seeds in the manure
heap, they were taken out of individual nylon bags. The
seeds that seemed to be intact (i.e. the seeds that looked
undamaged and/or seeds injured at such a level that
they did not exclude their germinability) (Dvorak, Krejef,
1974) were tested for viability.

The seeds used for the study were collected from Au-
gust to October in 1995 in the local area of Zabgice, at
170 to 200 m above sea level. The collected seeds were
developed and free of apparent injury. Prior to the estab-
lishment of the experiment, they were tested for germina-
bility each year (it was 96.5 to 99.0% in 1997 and 96.0 to
98.5% in 1998). The seeds were placed in a germinator un-
der light conditions in accordance with requirements of
individual species. Amaranthus retroflexus L. germinated
in the dark, the other species in the light.

The experiments were established in four replicates
with 50 seeds per weed species. After the seeds had been
taken out of farmyard manure (or rumen fluid, pepsin so-
lution), they were rinsed in water, cross dissected so that
the embryo was in contact with a tetrazolium-chloride
solution (at 0.1% concentration). It was very difficult to
dissect the seeds, especially those of a smaller size. We
used scalpel and pincette under a light magnifying glass.

Dissected seeds were put on moistened filter paper in
Petri dishes. The tetrazolium-chloride solution was ap-
plied to each dissected seed using a pipette. Then the
Petri dishes were placed in a laboratory and covered
with a sheet of filtrate paper since tetrazolium-chloride is
sensitive to light.

The assay was evaluated after 24 h. The endosperm of
large seeds (4vena fatua L.) swelled. Considering a size
of seeds and embryos, the evaluation could be carried out
after 12 h.

Petri dishes were used as germinators (variant A).
The bed of the germinator were three layers of filter pa-
per soaked with water.

Tests of germinability were carried out in four repli-
cates, each with 50 seeds. Dishes with tested seeds were
placed in a laboratory under appropriate light condi-
tions. A number of germinating seeds was determined;
germinated seeds were removed and their numbers re-
corded. Water was added to the germinator in order to
keep the bed moistened.

RESULTS

After 3-month manure storage, different proportions
of viable seeds of individual studied species were as-
sessed using the tetrazolium test (variant A) from used
seeds. After 3 months in farmyard manure, the best values
(Tab. I, average values in both years) were determined in
Fagopyrum convolvulus L. (71.5%), Amaranthus
retroflexus L. (67%), and Galium aparine L. (62%). The
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Numbers of viable seeds after placing in farmyard manure (average from four replicates; % of the number of used seeds)

Variant
Weed species ex‘;ce:i:r:)efnt after 3 months after 6 months
A E F G A E F G
v g v v v v g \ v v
1997 700 | 440 | 470 | 305 5.0 9.5 25 6.5 4.0 0
Fagopyrum 1998 730 | 425 390 | 285 8.5 105 45 45 25 0
convolvulus L. s [
x 715 | 4325 | 430 | 295 | 675 10.0 35 5.5 325 0
1997 435 | 320 | 320 | 220 L5 6.0 3.0 2.5 0 0
Avena fatua L. 1998 405 | 310 | 340 | 160 0 0 0 0 0 0
% 420 | 315 | 330 190 | 075 3.0 1.5 1.25 0 0
1997 380 | 355 | 305 | 225 40 2.5 0 0 L5 0
Echthochlod 1998 | 430 | 320 | 345 | 300 | 40 5.0 30 | 40 0 0
crus-galli L.
x 405 | 3375 | 325 | 2625 | 4.0 3.75 15 2.0 0.75 0
1997 700 | 540 | 420 | 260 | 100 6.5 25 2.5 2.0 0
Aranthus 1998 | 640 | 465 | 385 | 215 | 90 9.0 40 20 0 0
retroflexus L.
x 67.0 | 5025 | 4025 | 2375 | 95 775 | 325 | 225 1.0 0
1997 555 | 480 | 400 | 170 95 115 40 40 3.0 0
Chenopodium 1998 585 | 465 | 365 | 240 | 60 8.0 20 25 20 0
album L. —
x 570 | 4725 | 3825 | 205 | 775 | 975 3.0 325 25 0
1997 660 | 460 | 285 14.0 4.0 4.0 2.0 25 0 0
Galium aparine L. 1998 580 | 420 | 305 125 45 45 0 25 25 0
x 620 | 440 | 295 | 1325 | 425 | 425 1.0 2.5 125 0
1997 415 | 300 | 180 60 | 0 L5 0 0 0 0
Tupsesresperiss 1998 315 | 260 | 215 45 2.5 2.0 2.5 0 0 0
maritimum L. —
x 365 | 280 | 1975 | 525 125 | 175 1.25 0 0 0
1997 260 | 115 11.0 15 0 0 0 0 0 0
Agropyron repens L. 1998 220 ] 12.5 8.0 4.0 0 0 0 0 0 0
X 24.0 12.0 95 2,75 0 0 0 0 0 0

Evaluation: g = germinability, v = viability

lowest values were assessed for 7ripleurospermum mari-
timum L. (36.5%) and Agropyron repens L. (24%).

Viability of seeds was markedly lower after 6 months
of their placing in farmyard manure. No viable seeds
were found in Agropyron repens L. and viability reduced
to very low values (3% on the average of years) in Tri-
pleurospermum maritimum L. About 10% of viable
seeds were found in persistent seeds of Fagopyrum
convolvulus L. and Chenopodium album L., and ca 8%
in Amaranthus retroflexus L. after 6 months.

Seed germinability (variant A) was generally lower
than viability determined by tetrazolium-chloride. Data
on seed germinability (variant A) are given in Tab. I.

Interrelationships among individual species were si-
milar in both methods. The highest germinability after
3 months was assessed in Fagopyrum convolvulus L.
(43.25%), Amaranthus retroflexus L. (50.25%), Galium
aparine L. (44.0%); seeds of Avena fatua L. exhibited
12% germinability.

After 6 months, the values were low and relationships
remained equal. The highest germinability was found
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again in Fagopyrum convolvulus L. (3.5%) and Ama-
ranthus retroflexus L. (3.25%); germinability consider-
ably decreased in Galium aparine L. (1.0%).

After 48 h of placing seeds in the solution simulating
properties of rumen fluid (variant B), the highest number
of viable seeds was found in Amaranthus retroflexus L.
and Chenopodium album L., i.e. 93 and 92% on the aver-
age of experiments (Tab. II). Echinochloa crus-galli L.
exhibited 90.5% and Galium aparine L. 85.8% (there was
a considerable difference between the experiment con-
ducted in 1997 and that in 1998). The lowest proportions
of viable seeds were assessed in Agropyron repens L.
(66.3% on the average).

After 48 h of placing seeds in the solution simulating ef-
fects of pepsin enzyme in the digestive system (variant C),
the highest number of viable seeds was found again in
Amaranthus retroflexus L., i.e. 82% of used seeds. Values
of seed viability were 78% in Echinochloa crus-galli L.,
77.3% in Chenopodium album L., 75% in Fagopyrum
convolvulus L., 69% in Galium aparine L., 68.8% in
Avena fatua L., and 58.3% Tripleurospermum mariti-
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mum L. Viability decreased most again in Agropyron
repens L. when a proportion of viable seeds was 52.5%.

After 48 h of placing seeds in the solution simulating
properties of rumen fluid and 48 h in the solution that
simulated effects of pepsin enzyme (variant D), Amaran-
thus retroflexus L. exhibited on the average the highest
seed viability (46.8%). It was 45.3% in Fagopyrum con-
volvulus L., 41.8% in Chenopodium album L., 38.8% in
Echinochloa crus-galli L., 33% in Galium aparine L.,
29% in Avena fatua L., 20.3% in Tripleurospermum mari-
timum L., and 17.5% in Agropyron repens L.

In variant E, i.e. seeds exposed to rumen fluid before
placing in farmyard manure, the highest number of viable
seeds after 3-month manure storage (Tab. I) was as-
sessed for Fagopyrum convolvulus L., i.e. 43%. The av-
erage of all investigated seeds is 30.7%.

After 6-month storage (Tab. I, variant E), the average
of all studied species was 2.09% of viable seeds.

In variant F after 3-month manure storage (Tab. I), the
highest number of viable seeds was assessed in Fago-
pyrum convolvulus L., i.e. 29.5%. The other examined
species showed the average value of 15.82%.

After 6-month manure storage (Tab. I), the average
value of 1.09% of viable seeds was determined in all in-
vestigated species.

II. Viability of seeds after placing in pepsin solution and rumen
fluid (average of four replicates)

Variant
Weed species 1 chca; 23 i
pCl’lant B C D
1997 | 905 795 | 440
Eagopyrum 1998 85 | 705 | 465
convolvulus L.
| x 87.5 75.0 453
| 1997 815 71.0 295
Avena fatua L. 1998 72.5 66.5 285
x 76.8 68.8 29.0
1997 94.0 82.0 | 40.0
Echmachioa 1998 87.0 74.0 375
crus-galli L. |
% 905 | 780 | 388
1997 96.0 86.0 455
Amaranthus
o’ voe 1998 90.0 78.0 48.0
! b 93.0 82.0 46.8
1997 93.0 795 420
Chenopodium 1998 910 | 750 | 415
album L.
b: 92.0 713 4138
1997 915 760 | 360
Galium aparine L. | 1998 800 | 620 | 300
b 85.8 69.0 | 330
1997 80.0 62.5 225
Tripleurospermum
i 19?8 820 54.0 180
x 81.0 58.3 203
1997 75.5 57.5 185
ff;:fgi"" 1998 57.0 415 16.5
' | = 663 52.5 175
518

In variant G after 3-month manure storage (Tab. I), the
highest number of viable seeds was in Amaranthus
retroflexus L., i.e. 9.5%. The other species showed the
average value of 3.54%.

No viability was found in any species after 6 months
of manure storage (Tab. I).

The above-mentioned facts show that the seeds ex-
posed to digestive fluids followed by manure maturing
processes for 3 and 6 months (Tab. I) exhibited a higher
loss of viability in comparison with variant A where seeds
were placed in the manure heap without preceding prepa-
ration. A dramatic decrease was recorded in variant G.

Additional values are the averages of individual vari-
ants. After 3 months the proportions of viable seeds were:
A 50%, E 31%, F 18%, and G 4%. After 6 months the val-
ues were: A 5%, E 2%, F 1%, and G 0%.

DISCUSSION

The investigations showed that viability of weed
seeds considerably decreased during a manure maturing
process under cool conditions (a field manure heap).
Based on obtained results (Tab. I, variant A), intensity
of this process increases during a period of manure ma-
turing. During 3 months, for instance, seed viability in
Amaranthus retroflexus L. determined with the tetrazo-
lium test decreased by 33% on the average of both ex-
periments. If the seeds were stored in manure for 6 months
(Tab. I), this decrease was 92.25%. This suggests that
during the 4th to 6th month, seed viability of Amaran-
thus retroflexus L. decreased by 59%, i.e. almost twice
vs the Ist to 3rd month of storage. Viability of Galium
aparine L. decreased by 38% till the 3rd month and by
96% till the 6th month (viability reduced by 58% from the
4th to 6th month), in Fagopyrum convolvulus L. by
28.5% till the 3rd month and by 90% till the 6th month
(viability reduced by 61.5% from the 4th to 6th month), etc.

This trend was more pronounced in germinability. In
Amaranthus retroflexus L. it was 50.25% after 3-month
storage and 3.25% after 6-month storage, in Galium
aparine L. 44 and 1%, respectively (Tab. I). Seeds of Agro-
pyron repens L. exhibited germinability of 12% after
3 months and no seed germinated after 6 months.

Interesting results were obtained in seeds of Echino-
chloa crus-galli L. whose germinability strongly de-
creased after placing in farmyard manure, by 66% after
3 months and it almost disappeared after 6 months (1.5%
of germinable seeds). These findings suggest, in con-
trast to dissemination of Echinochloa crus-galli L.
seeds with slurry, increased dissemination of barnyard-
grass with farmyard manure vs other weed species (among
others, Avena fatua L.). The environment in maturing
manure, among others, high microbial activity, decom-
posed even seeds of this species. However, a necessary
precondition of their decomposition is swelling.

Seeds that were used for the experiment in 1997 to
1998 had been collected in 1995. In the meantime from
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collecting to their placing in farmyard manure they were
stored in paper bags under laboratory conditions. They
apparently lost dormancy during that period, which is
also documented by the results of tests of germinability
prior to establishing the experiment. Such seeds were in-
fluenced by processes of manure maturing up to losing
their germinability. It is probable that it would have been
different if fresh ripened seeds had been placed in ma-
nure. According to Kohout (1980) seeds of Echinochloa
crus-galli L. do not swell during the first months and
they would not have been decomposed during manure
maturing on such a level.

The achieved results show that to considerably de-
crease a number of viable seeds in farmyard manure,
a storage period in the manure heap shall be longer than
3 months. The manure which matures for a shorter period
than 3 months, can markedly facilitate seed spreading.

Seed germinability (variant A) was lower than a per-
centage of seeds whose viability was assessed using
the tetrazolium test (Tab. I). A part of viable seeds did
not germinate at that moment and if applied to the soil,
they could increase its potential seed bank.

The presented investigations basically correspond
with behaviour of seeds that dropped in manure from
weed plants which had grown on a field manure heap.

Tab. II gives data obtained from two laboratory ex-
periments aimed at testing effects of rumen fluid and
pepsin solution on seed viability. Thus, a considerable
part of the cattle digestive system was simulated. Re-
sults of both experiments (1997 and 1998) are similar. Sta-
tistical comparison of these results showed insignificant
differences (in 1997 — significance level 0.8002, in 1998 —
significance level 0.6486).

As given in Tab. II, the 48-h preparation of seeds in
rumen fluid and pepsin solution affected viability of
used seeds.

Further, the data show that absorption in pepsin solu-
tion (variant C, 48 h) resulted in higher reduction of seed
viability than absorption in rumen fluid (variant B). This
was valid for all used seeds. For instance, an average
percentage of viable seeds of Amaranthus retroflexus L.
was 93% in variant B and 82% in variant C. On the aver-
age of all weed species, the decrease in seed viability af-
ter 48 h was 16 and 30% in variant B and C, respectively.
It may be assumed that seed viability is decreased at
a higher level in the abomasum than in the forestomach
of the cattle.

The most pronounced decrease in viability was as-
sessed after 96-h preparation, i.e. after 48 h in rumen fluid
and 48 h in pepsin solution (variant D). On the average
of all species, viability decreased by 66%. This decrease
is higher than that after separate effects of rumen fluid or
pepsin. A sum of percentages characterizing the de-
crease in seed viability after separate effects of rumen
fluid and separate effects of pepsin is lower than the per-
centage showing the decrease in seed viability affected
by both media. A synergic effect of both factors can be
assumed. These relationships differ among individual
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species. After 48 h, seed viability in rumen fluid decreased
by 7% (Amaranthus retroflexus L.) up to 33.7% (Agropy-
ron repens L.); in pepsin solution — by 18% (4dmaran-
thus retroflexus L.) up to 47.5% (Agropyron repens L.),
and in both media — by 53.2% (dmaranthus retroflexus L.)
up to 82.5% (Agropyron repens L.).

The above-presented data show that rumen fluid and
pepsin (96-hour preparation) decreased seed viability to
46.8% in Amaranthus retroflexus L. and 17.5% in Agropy-
ron repens L. Values for the other examined species are
given in Tabs. I and II. These numbers are higher than re-
ported, for instance, by Korsmo (1930). It is necessary to
take into account that processes of digestion also run in
other parts of the digestive system, such as the guts, and
a proportion of viable seeds can be further reduced.

Differences among variants B, C, and D were highly
significant (significance level 0.0001).

The described experiment simulates, to a certain level,
a status of seeds that go via the cattle digestive system
and get with faeces in the manure.

Tab. I presents data on seeds after placing in farm-
yard manure that were first exposed to effects of diges-
tive fluids under laboratory conditions. The decrease in
viability of these seeds was higher and faster than in
seeds that were stored in farmyard manure without
preparation (variant A).

Effects of pepsin on the loss of viability, even after
placing seeds in manure, were higher than those of ru-
men fluid. After 3 months, on the average, 40.25% of vi-
able seeds of Amaranthus retroflexus L. remained after
preparation in rumen fluid and 23.75% of seeds after
preparation in pepsin, etc. (Tab. I). Both digestive fac-
tors applied to seeds before placing them in farmyard
manure showed very strong effects on decomposing
processes during manure storage.

After 3 months in farmyard manure, viability of seeds
exposed to rumen fluid and pepsin solution decreased to
minimum in all investigated species (e.g. Amaranthus
retroflexus L. by 90.5%, Galium aparine L. by 96%, and
Agropyron repens L. by 100%). After this period of ma-
nure storage, the loss of viability of untreated seeds
(Tab. I) was 50% on the average of all tests, 69.3% in
seeds treated with rumen fluid, 82.5% in seeds exposed
to pepsin solution, and 95.7% in seeds treated with both
factors.

No seeds of any examined species were viable after
preparation with pepsin and rumen fluid (96 h) after
6 months (Tab. I). If treated with either pepsin or rumen
fluid, seed viability was 3.25 or 5.5%, respectively.

The above facts suggest that mature farmyard ma-
nure contains mainly viable seeds that dropped from
plants growing on or near to the manure heap. Mature
manure contains fewer viable seeds that were exposed
to a digestive process, i.e. they originate from animal
faeces.

The results document the necessity of timely eliminat-
ing weed plants on and around the manure heap. It is
quite easy if weeds are cut or treated with appropriate
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non-selective herbicides. Harmful effects of weeds were
limited by construction of protected field manure heaps.

CONCLUSION

In seeds which were placed in rumen fluid and pepsin
solution under laboratory conditions (in vitro), propor-
tions of viable individuals significantly decreased. Pep-
sin solution showed a higher effect.

A loss of seed viability in farmyard manure increased
during a period of its maturing (a lower amount of seeds
lose their viability in the 1st to 3rd month than in the 4th
to 6th month). A percentage of seeds whose viability
was assessed using a non-vegetative method (staining
the living tissues) was considerably higher than a pro-
portion of seed germinable at that moment. The seeds
that are not germinable at this moment can affect the
weed seed bank of the soil for a long time.

Seeds exposed to processes similar to the digestive
system of polygastric animals before storage in farmyard
manure were disrupted faster during manure maturing
than intact and mature seeds (seeds that had dropped
from plants growing on and around the manure heap).
To limit dissemination of weed seeds with farmyard ma-
nure, timely elimination of weed plants around the ma-
nure heap is necessary.

To achieve a considerable decrease in viable seeds in
manure, the period of storage in the manure heap has to
be longer than 3 months. After 6 months, the propor-
tions of viable seed decreased to minimum (0 to 10%).

Differences in resistance of seeds of individual weed
species against processes of manure maturing are docu-
mented by ranking the examined species as follows:
Fagopyrum convolvulus L. (the most resistant species),
Amaranthus retroflexus L., Chenopodium album L.,
Echinochloa crus-galli L., Galium aparine L., Avena
Jatua L., Tripleurospermum maritimum L., and Agropy-
ron repens L. (the least resistant species).

This study was conducted partly within the project
CEZ: J08/98: 432100001 supported by the Ministry of
Education, Youth and Physical Training of the CR and
partly under post-graduate (PhD) studies of Ing. Ivana
Reme3ova.
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VYNOS SEMENE, OBSAH OLEJE A VYNOS OLEJE
HYBRIDNI REPKY V PODMINKACH CR

SEED YIELD, OIL CONTENT AND OIL YIELD OF HYBRID OILSEED RAPE
IN CONDITIONS OF THE CZECH REPUBLIC

P. Baranyk, H. Zukalova

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: Observations on field-scale trials in traits seed yield, oil content and oil yield by winter hybrid oilseed rape
(Pronto) and conventional varieties (Eurol, Falcon, Bristol, Capitol, Lirajet, Olymp, Slapska Stela, Zorro) in four year
period (1995/1996 to 1998/1999) have been evaluated. Hybrid variety Pronto achieved every year not only the best seed
yield in comparison to the mean of conventional varieties, but also better yields than the best of conventional ones. Oil
content was however below 100% each year and twice even lower than the lowest of conventional varieties (1997/1998
Capitol, 1998/1999 Lirajet), differences were however very small. In spite of subnormal oil content, Pronto (owing to
high seed yield) achieved also the high oil yield. Differences to the best conventional varieties were however not so
significant as in seed yield. In one of these observed years Pronto has been exceeded by conventional variety (1997/1998:
Pronto 107.4%, Bristol 107.6%).

Keywords: winter oilseed rape; hybrids; seed yield; oil yield; oil content

ABSTRAKT: V pribéhu &tyr let (1995/1996 az 1998/1999) byl v poloprovoznich podminkédch sledovadn vynos semene,
obsah oleje a vynos oleje u hybridni fepky (Pronto) a u tradi¢nich odrid (Eurol, Falcon, Bristol, Capitol, Lirajet, Olymp,
Slapska Stela, Zorro). Hybridni odriida Pronto dosahla v kazdém pokusném roce lepSiho vynosu semene, nez ¢inil
pramér tradiénich odrid, a prekonala i nejlepsi z tradi¢nich odriid. Obsah oleje byl v3ak ve viech letech pod urovni 100 %
a dvakrat byl dokonce niZ8i nez u nejhorsi z tradiénich odrid (1997/1998 Capitol, 1998/1999 Lirajet), rozdily se viak
pohybovaly pouze v fadu desetin procenta. I kdyz méla hybridni fepka Pronto podprimérny obsah oleje, diky
vysokému vynosu semene byl jeji vysledny vynos oleje z I ha rovnéz vysoky. Rozdily mezi odriidou Pronto a nej-
lep$imi tradiénimi odriidami v3ak jiZ nebyly tak velké, jako v pfipadé vynosu semene. V jednom roce byla odriida Pronto
dokonce pfedstizena tradiéni odriidou (1997/1998: Pronto 107,4 %, Bristol 107,6 %).

Klitov4 slova: ozima fepka; hybridy; vynos semene; vynos oleje; obsah oleje

UVOD

Béhem poslednich desetileti se §lechtitelé fepky snazili
vyvinout systémy vyroby hybridniho osiva mimo jiné na
bazi cytoplazmatické saméi sterility/obnovené fertility
(CMS/Rf). Nékolik typt CMS/Rf systému bylo u fepky
uplatnéno jak konven¢nim zpétnym kiiZenim, tak somatic-
kou hybridizaci. Jde napf. o systémy Ogura, Polima, Shiga-
Thompson a MSL, z nichZ nékteré jsou realné vyuzi-
vany pii vyrobé hybridniho osiva (Imamura et al., 1998).

Prvni hybridni odriidou ozimé fepky, uvedenou v Evro-
pé na trh, byla Synergy (Ohe et al., 1999), a to ve Francii
vroce 1994. Od té doby byla povolena fada dalsich
hybridi. Sou¢asné zastoupeni ploch hybridni fepky
v nékterych evropskych zemich naznacuje, Ze trh vyznam-
nych péstitelll fepky v EU je sice dosud jednoznaéné
ovladan tradiénimi liniovymi odridami, podil hybridi
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vSak jiz rozhodné nelze oznadit za zanedbatelny (Ba-
ranyk, Zehnalek, 1999).

V otazce hybridi je tieba disledné rozlisovat mezi
kompozitnimi a restaurovanymi hybridy. Mezi odbornou
vefejnosti a v literatufe se objevuje nazor, Ze slozené
hybridy mohou byt pfes svoji vysokou vykonnost
v pokusech velmi nespolehlivé v provoznich podmin-
kach, zejména stfedni a severni Evropy (Sauermann,
Gronow, 1999). Jde o to, Ze jejich vykonnost a vynosova
jistota je zavisla mimo jiné na dostateném mnoZstvi
pylu v porostu, resp. na vyhovujicim pfenosu pylu
z opylovace na sterilni hybridni rostliny.

Proto jsme se v naSem piispévku zaméfili pouze na
sledovani restaurovaného hybridu (Pronto), ktery jsme
v podminkach CR hodnotili z hlediska vynosu semene,
obsahu oleje a vynosu oleje a porovnali jej s tradicnimi,
bézné& péstovanymi odriidami ozimé fepky.
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MATERIAL A METODY

Zdrojem hodnocenych dat byly poloprovozni od-
ridové pokusy Svazu péstitelli a zpracovateli olejnin
(SPZO), provadéné v letech 1995/1996 az 1998/1999 na
pokusné siti vybranych &lenskych podnikd. Vétsina
lokalit se nachézela v obilnafské a bramboraiské vyrobni
oblasti, nékteré vsak nalezely i do oblasti fepaiské. Tyto
pokusy byly zakladany z hlediska agrotechniky (pfiprava
pldy, termin seti, vysevek, pfihnojovani, ochrana proti
plevelim, chorobam a $kidctim, sklizen) podle stan-
dardni technologie Systému vyroby fepky (SVR), bézné
uplatiiované v provoznich podminkach CR (Vasak et al.,
1997). Velikost parcely ¢inila cca 0,9 ha. Prehled zkou-
Senych odrid uvadi tab. 1.

1. Piehled zkou$enych odrid — An overview of tested varieties

1995/1996 1996/1997 1997/1998 1998/1999
Eurol Bristol Bristol Bristol
Falcon Capitol Capitol Capitol
Lirajet Lirajet Lirajet Lirajet
Olymp Olymp Olymp Orkan
Slapské Stela | Slapskd Stela | Slapskd Stela | Slapské Stela
Zorro Zorro Zorro

Sklizefi jednotlivych odrid probihala oddéleng, vy-
nosy byly piepoéteny na 8% vlhkost a obsah oleje byl
stanoven metodou nuklearni magnetické rezonance
(NMR). Z vynosu semene a obsahu oleje byl vypodten
vynos oleje.

Pfi vzajemném porovnavani odrid byl za 100 % po-
vazovan vzdy primér hodnot (vynos semene, obsah
oleje, vynos oleje) dosazenych v jednotlivych letech
u tradiénich odriid. Kromé toho jsme v kazdém roce také
vzdy vyhodnotili v daném znaku nejlepsi a nejhorsi
tradi¢ni odridu.

115,0 4
1124
% 7 1114
110,0
105,0 4
100,0 100,0 100,0
100,0
95,0 /
Eurol, Falcon,
Lirajet, Olymp,
9001 Slapska Stela
85,0

Hybridni odrida

Tradiéni odriidy
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105,4

Nejlepsi tradiéni odriida

Statistické hodnoceni bylo provedeno pomoci pro-
gramu Statgraphics Plus for Windows (verze 4. z roku
1998 fy Manugistics, Maryland, USA) s vyuzitim
analyzy rozptylu (ANOVA) jednoduchého tiidéni.

VYSLEDKY A DISKUSE

PrestoZe byl pocet lokalit se zaloZzenymi polnimi po-
kusy v jednotlivych letech pomémé vyrovnany (30 az 33),
pocet vyuzitelnych vysledkt dosti kolisal (20 v roce
1995/1996, 24 v roce 1996/1997, 30 v roce 1997/1998, pét
v roce 1998/1999). Pticinou byly rizné druhy poskozeni
parcel (vymrznuti v roce 1995/1996, sliméé&ci, hrabosi
a kroupy zejména v roce 1996/1997) a cilend zdména
odriidy Pronto za Pronto + (Pronto mnoZené nikoli
pasovym, nybrz smésnym vysevem) na vétsiné pokus-
nych lokalit v roce 1998/1999.

Povétrnostné lze ve struénosti jednotlivé pokusné
roky ve vztahu k vegetaci fepky charakterizovat takto:

1995/1996: casny nastup zimy, snéZeni na nezamrzlou
pudu, silné mrazy v lednu a unoru s naslednym
znaénym poskozenim mnoha porostii, opozdéné jaro,
chladné a destivé pocasi prakticky po celou dobu
kveteni;

1996/1997: obtizna piiprava pidy a nesnadné dodrzeni
agrotechnickych lhit v disledku opozdéné sklizné
pfedplodin, v fijnu a listopadu vyrazné zlepdeni po-
rostii, ¢asna jarni regenerace rostlin (bfezen) pozdéji
pferudena citelnym ochlazenim v prvni dekadé dubna,
piiznivé podminky pro kveteni;

1997/1998: sucho pii vzchazeni, mirna zima bez posko-
zeni rostlin, ¢asné obnoveni jarni vegetace, zna¢ny
srazkovy deficit aZ do kvétna, bohaté srazky v ¢ervnu
a gervenci;

1998/1999: piiznivy pribéh zimy, vydatné srazky v cerv-
nu a ¢ervenci, dobry fepkovy rok.

1. Porovnani vynosu semene,
obsahu oleje a vynosu oleje
hybridnich a tradi¢nich odrud
tepky, SPZO 1995/1996 — Com-
parison of seed yield, oil content
and oil yield of hybrid and tradi-
tional oilseed rape varieties,
SPZO 1995/1996

B Vynos semene
DOObsah oleje
B Vynos oleje

n=20,100% =
3,21 t/ha (vynos semene)
43,17 % (obsah olcje)
1,39 tha (vynos oleje)

vynos semene — seed yield
obsah oleje — oil content
vynos oleje — oil yield

hybridni odriida — hybrid variety
tradi¢ni odriida — traditional vari-
eties

nejlepdi tradiéni odriida — best
traditional variety

nejhorsi tradiéni odrida — worst

Nejhorsi tradiéni odriida traditional variety
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1150
Vynos semene
O Obsah oleje
110,0 W Vynos oleje

n=24,100% =
1054 3,55 vha (vynos semene)
105,0 4 17 1044 43,42 % (obsah oleje)
1,54 vha (vynos oleje)

£ 100,0

95,0

90,0 1

85,0

15 e
e
i - B Vjnos oleje
2 106,6 - n=30,100%=
% 3,70 Uha (vynos semenc)
% e
0 100 100 100 % :
%
o] } %
Bristol, Capitol, 7
Lirajet, Olymp, 2
94 Slpe St
8s //4

Hybridni odriida Tradi¢ni odriidy Nejlep3i tradi¢ni odriida Nejhorsi tradini odriida

115 4

% Vynos semene
D Obsah olcje
110 B Vimos oleje
107,7
105,7 n=5,100%=
105 4 3,75 t/ha (vynos semene)

42,98 % (obsah olcjc)
1,61 tha (vynos oleje)

Bristol, Capitol,
Lirajet, Olymp,
90 A Slapska Stela,

Hybridni odrida Tradi¢ni odridy Nejlepsi tradi¢ni odrida Nejhor3i tradiéni odrida
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2. Porovnini vynosu semene,
obsahu oleje a vynosu oleje
hybridnich a tradiénich odrid
fepky, SPZO 1996/1997 — Com-
parison of seed yield, oil content
and oil yield of hybrid and tradi-
tional oilseed rape varieties,
SPZO 1996/1997

3. Porovnini vynosu semene,
obsahu oleje a vynosu oleje
hybridnich a tradi¢nich odrad
fepky, SPZO 1997/1998 — Com-
parison of seed yield, oil content
and oil yield of hybrid and tradi-
tional oilseed rape varieties,
SPZO 1997/1998

4. Porovnini vynosu semene,
obsahu oleje a vynosu oleje
hybridnich a tradi¢nich odrid
fepky, SPZO 1998/1999 — Com-
parison of seed yield, oil content
and oil yield of hybrid and tradi-
tional oilseed rape varieties,
SPZO 1998/1999
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Vynos semene

Vynosy semene tradi¢nich odrid se ve sledovaném
obdobi pohybovaly v rozmezi 3,21 az 3,75 t/ha a mély
rostouci tendenci (obr. 1 az 4). Hybridni odrada Pronto
dosahla v kazdém roce lep§iho vynosu semene, nez Cinil
prumér tradi¢nich odrid, a také piekonala nejlepsi z tradic-
nich odrid. Vyznamnou skutecnosti je zarover fakt, Ze nej-
lepsi tradi¢ni odridy mély kolisavy vykon (1995/1996
Olymp, 1996/1997 Zorro, 1997/1998 Bristol, 1998/1999

48 ~
45 -
s
g 4 |
S
g
g2 st -
. f
2 36} .
g I
)
> 33 } .
3 -
8 5 & 8 28 5 %
g 2t
g B B & F EF R Z
g & & g

5. Pritkaznost rozdild ve vynosech odriid podle jednotlivych let;
prumér odrid, 95% Bonferroni interval — Difference in yield of
varieties by years; average of varieties, 95% Bonferroni inter-
val

I1. Test vicendsobného porovnavani, vynosy podle odriid — Mul-
tiple range tests, yields by varieties

Metoda' 95% Bonferroni
Odrida® pocet’ pramér* pritkaznost®
Trad. 96 100 3,2147 A
Trad. 97 144 3,55111 B
Pronto 96 20 3,609 ABC
Trad. 98 180 3,69589 BC
Pronto 97 24 3,74292 BC
Trad. 99 30 3,748 BC
Pronto 98 30 4,02767 C
Pronto 99 5 4,038 ABC
Kontrast® Pritkazné rozdily’ +/- limity®
Pronto 97 — Trad. 96 0,528217" 0,520051
Pronto 98 — Trad. 96 0,812967" 0,476269
Pronto 98 — Trad. 97 0,476556" 0,45917
Trad. 96 — Trad. 97 -0,336411° 0,297821
Trad. 96 — Trad. 98 -0,481189° 0,285354
Trad. 96 — Trad. 99 -0,5333" 0,476269

Zorro), zatimco hybridni odrida byla vzdy nejlepsi.
Svédci to nejen o vysoké vykonnosti hybridni odridy
Pronto, ale také o stabilité jejich vysokych vynosi.

Byl zji§tén pomérné znaény rozdil ve vynosech
semene v nékterych ptipadech hybridnich a tradi¢nich
odrid (napf. 12,4 % v roce 1995/1996), ani v jednom ze
¢tyf pokusnych let vSak nebyl tento rozdil statisticky
vyznamny (obr. 5, tab. II). Evidentni je znaény vliv
roéniku, jenZ zieteln& piekryval rozdily mezi odridami
(8est statisticky priikaznych kontrastl v tab. II).

Obsah oleje

Obsah oleje tradi¢nich odrid nevykazoval jedno-
zna¢né rostouci tendenci na rozdil od vynosi semene

BELIEEE

a2 -

a1k B

Obsah oleje (% pei 8%

PRONTO 9%
PRONTO 97
PRONTO 98
PRONTO 99
Trad. 96
Trad. 97
Trad. 98
Trad.

6. Pritkaznost rozdilii v obsahu oleje odrid podle jednotlivych let;
primér odriid, 95% Bonferroni interval — Difference in oil con-
tent of varieties by years; average of varieties, 95% Bonferroni
interval

I11. Test vicenasobného porovnavani, obsah oleje podle odrid -
Multiple range tests, oil content by varieties

Metoda' 95% Bonferroni
Odriida’ podet® primér® pritkaznost®
Pronto 99 5 42,22 A
Pronto 98 ' 30 42,9453 A
Pronto 96 20 42,9585 A
Trad. 99 30 42,98 A
Pronto 97 24 43,0483 A
Trad. 96 100 43,1655 A
Trad. 97 144 43,4149 A
Trad. 98 180 43,4476 A
Kontrast® Pritkazné rozdily’ +/- limity®
0 0 0

* statisticky vyznamny rozdil — statistically significant difference
'method, 2variety, *count, “‘mean, *homogeneous groups, ‘contrast,
"signifant difference, *limits
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Vynos oleje (t/ha)
G 5 I,
T
——
P

PEL

Trad. 96| F—=—

PRONTO 96
PRONTO 97
PRONTO 98|
PRONTO 99
Trad. 97/
Trad, 98|
Trad. 99|

7. Priikaznost rozdil(i ve vynosu oleje odriid podle jednotlivych
let; pramér odrid, 95% Bonferroni interval — Difference in oil
yield of varieties by years; average of varieties, 95% Bonferroni
interval

IV. Test vicenasobného porovnavani, vynos oleje podle odrid —
Multiple range tests, oil yield by varieties

Metoda' 95% Bonferroni
Odrida’ potet’ primér* prikaznost’
Trad. 96 100 1,3878 A
Trad. 97 144 1,53833 B
Pronto 96 20 1,5495 AB
Trad. 98 180 1,60622 B
Pronto 97 24 1,60833 AB
Trad. 99 30 1,609 B
Pronto 99 5 1,702 AB
Pronto 98 30 1,72833 B
Kontrast® Prikazné rozdily’ +/- limity*
Pronto 98 - Trad. 96 0,340533" 0,205439
Trad. 96 — Trad. 97 -0,150533" 0,128465
Trad. 96 — Trad. 98 —-0,218422° 0,123087
Trad. 96 — Trad. 99 -0,2212° 0,205439

* statisticky vyznamny rozdil — statistically significant difference
For 1-8 see Tab. II

(pokles v roce 1998/1999, obr. 1 az 4). Hybridni odrida
Pronto se v tomto znaku ve viech letech nachézela pod
trovnf 100 % a dvakrat nedosahla ani urovn& nejhorsi
z tradinich odrid (1997/1998 Capitol, 1998/1999 Lirajet).
Rozdily se v8ak pohybovaly pouze v fadu desetin
procenta. Tato skutednost koresponduje s tidaji z litera-
tury (Paulmann, 1999), Ze vlivem heteroze se u hybridd
zvy3uje vykonnost ve znacich vynos semene, vynos
oleje, vy¥ka rostlin a vitalita. Heteroze v obsahu oleje
u hybridd prvni generace, kam Pronto patfi, nebyva vy-
sok4 (Evain et al., 1997), je vak v rodi¢ovskych liniich
krok za krokem zlep$ovéna.
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V piipad¢ obsahu oleje nebyly zjist&ny Zadné statis-
ticky priikazné rozdily nejen mezi odriidami, ale ani mezi
ro¢niky, v nichZ se tyto odriidy zkousely (obr. 6, tab. III),
pfesto se odriida Pronto chova v tomto kvalitativnim
znaku jako v3echny liniové odriidy. NevyuZiva v tomto
znaku heteroze a obsah oleje je v negativni korelaci
s velikosti semen (Olsson, 1960), pfitemz HTS u prvni
generace je vysoka a v dal¥ich rodi¢ovskych liniich se
sniZuje, a tim se zvy3uje i obsah oleje.

Velmi vyznamny znak vedle genetického zakladu,
ovliviiujici vysi olejnatosti, je roénik. NiZ§i primé&mé
teploty a vy33i srazky zvyuji olejnatost (Canvin, 1965;
Vasék et al., 1995, 1997). Podobn& reagovala i odriida
Pronto na chladné ro¢niky 1995/1996 a 1996/1997 mimng
zvySenou olejnatosti.

Vynos oleje

Hybridn{ fepka méla podprimé&my obsah oleje, diky
vysokému vynosu semene byl viak vysledny vynos
oleje z 1 ha rovnéZ vysoky. Rozdily mezi odriidou Pronto
a nejlepdimi tradiénimi odriidami v3ak jiZ nebyly tak
velké, jako v pfipadé vynosu semene. V jednom ze sle-
dovanych let byla odriida Pronto dokonce pfedstizena
tradi¢ni odriddou (1997/1998 Pronto 107,4 %, Bristol
107,6 %, obr. 3).

V Z&4dném z jednotlivych sledovanych let nebyly
zjidtény statisticky vyznamné rozdily ve vynosu oleje
mezi hybridnimi a tradi¢nimi odriidami. V ramci viech
pokusnych ro¢nikli jsme v8ak zaznamenali Etyfi pfipady,
kdy se vliv ro¢niku projevil (obr. 7, tab. IV).
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RESPONSE OF SOIL MICROORGANISMS AND BUCKWHEAT
PLANTS TO CYTOKININES

REAKCE PUDNICH MIKROORGANISMU A ROSTLIN POHANKY
NA CYTOKININY

J. Kucharski, J. Wyszkowska

Department of Microbiology, University of Warmia and Mazury in Olsztyn, Poland

ABSTRACT: Studies were performed in the conditions of cold greenhouse in plastic pots (in five replications) filled
with Eutric Cambisol of light loamy sand granulometric composition. In the experiment on the background of constant
nutrients level the effects of isopentyl alcohol (IPA) and adenine (Ad) at the rate of 13 mg.kg™ of the soil and benzylade-
nine (BA) at the rate 1.3 mg.kg™ of the soil were analyzed. Precursors of cytokinine and benzyladenine were applied
twice: half amount of the total rate 7 days and the rest 14 days after ficld bean emergence. The next experimental pots
were sprayed with water solution of benzyladenine at the concentration of 45 mg.I™'. Studies were made in two experi-
mental series with or without Azotobacter sp. inoculation of the soil. It was found that effects of tested chemicals on
buckwheat yield were small and limited to adverse influence of isopentyl alcohol in the series with Azotobacter sp. inocula-
tion and benzyladenine in treatments without inoculation. Tested chemicals modified number of soil microorganisms. Cy-
tokinine precursors and benzyladenine increased number of organotrophic bacteria, Azotobacter sp. and actinomycetes.

Keywords: cytokinins; buckwheat yield; number of microorganisms; urease; dehydrogenase; phosphatase

ABSTRAKT: Pokusy probihaly v podminkach nevytapéného skleniku v nadobach z umélé hmoty (v pé&ti opakovanich),
které jsme naplnili eutrickou hnédozemi zrnitostniho sloZenf lehka hlinitopis¢itd pida. P¥i konstantni hladiné Zivin jsme
v pokusu analyzovali G&inky izopentylalkoholu (IPA) a adeninu (Ad) v davce 13 mg.kg™ pudy a benzyladeninu (BA)
v dévee 1,3 mg.kg™ pudy. Prekurzory cytokininu a benzyladenin jsme aplikovali nadvakrat: polovinu z celkové davky
7 dni a zbyvajici ¢4st 14 dni po vzejiti bobu obecného. Dal3i pokusné niddoby jsme o3etfili postfikem vodniho roztoku
benzyladeninu v koncentraci 45 mg.l”". Realizovali jsme dv& pokusné série s inokulaci pidy Azotobacter sp. i bez ni.
Zaznamenali jsme malé G&inky testovanych chemickych latek na vynos pohanky, které se omezovaly na negativni vliv
izopentylalkoholu v sérii s inokulaci Azotobacter sp. a benzyladeninu ve variantdch bez inokulace. Testované chemické
sloudeniny upravovaly poc&et pidnich mikroorganismi. Prekurzory cytokininu a benzyladenin zvy3ovaly po&et organo-
trofnich bakterii, Azotobacter sp. a aktinomycet.

Klitova slova: cytokininy; vynos pohanky; po¢et mikroorganismu; uredza; dehydrogenaza; fosfatiza

INTRODUCTION duce the losses, appropriate agrotechnical measures

should be applied taking into account biological features

The main purpose of crop production is obtaining
maximal yield using rational capital and labour inputs.
To achieve crop productivity which is close to the maxi-
mal yield potential all yield enhancing factors should be
synchronized as soil, fertilization, selection of the culti-
var, crop rotation and proper plant protection pro-
gramme (Bakuniak, Krawczyk, 1995).

Despite many advantages of buckwheat (short grow-
ing period, high content of crude protein 15 to 18%)
area of its growing in Poland is rather small. The follow-
ing reasons of that are considered: instability of yielding
of this crop as well as big seed losses during maturation
and harvesting. Therefore to increase the yield and to re-
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of buckwheat. Alternatively, substances showing plant
growth regulation activity might be used which could
contribute to improve buckwheat seed setting and to
more uniform seed maturation (Ploszynski et al., 1993;
Dietrych-Széstak, Pawlowska, 1995). Plant hormones
not only may modify growth and development of target
crop by affecting yield and yield structure but also can
improve resistance to environmental stresses. There
were performed numerous studies on the application of
some precursors of phytohormones to the soil using ca-
pability of soil microflora to synthesize plant growth
regulators (Nieto, Frankenberger, 1989, 1990; Franken-
berger, Arshad, 1991).
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The aim of our studies was to determine the effects of
isopentyl alcohol and adenine (cytokinin precursors) and
benzyladenine applied together with Azotobacter sp. in-
oculation on yield and chemical composition of buck-
wheat as well as on soil microbial activity.

MATERIAL AND METHODS

Our studies were performed in the conditions of cold
greenhouse in plastic pots (in five replications) filled
with 2.5 kg of Eutric Cambisol of granulometric composi-
tion of light loamy sand. In 100 g of the soil amounts of
available nutrients were as follows: 6.5 mg P, 19.5 mg K,
6.4 mg Mg, pH in IM KCI was 7.3 and hydrolytic aci-
dity (Hh) amounted to 0.45 mmol.

P and K were determined in one soil extract accord-
ing to Egner’s method modified by Riehm (1938, 1943).
As extractant 0.0195M water solution of calcium lactate
[(CH;CHOHCOO),Ca.5 H,0] with pH adjusted to 3.55
was applied. Ratio soil and extraction solution was as
1:50.

In soil extract P was determined colorimetrically using
water solution of mixture 0.03M (NH,)sMo0,0,¢ .4 H,0
with photorex in the ratio 1 : 1 (photorex — mixture of
2 g methol, 10 g anhydrous Na,SO; and 300 g Na,S,0;s
in 1000 ml of water) and K by atomic emission spectro-
scopy (ESA) method.

Mg was extracted using 0.0125M water solution of
CaCl, (ratio soil to extractant was as 1 : 10) and then it
was determined by atomic absorption spectroscopy
(ASA).

To determine hydrolytic acidity soil samples were ex-
tracted with 0.5M (CH;C00),Ca.H,0 of pH adjusted to
8.2. Amount of acetic acid was determined by titration
of filtrate with 0.1M NaOH.

Soil pH value in suspension of soil in 1M KCI (ratio
of soil to KCIl was 1 : 2.5) was determined with the acid
of combined electrode.

The following rates of nutrients were applied (per | kg
of the soil): 0.16 g N as Ca(NOs),.4 H,0, 0.16 g P as
KH,PO,, 0.26 g K as KH,PO, + KCl and 0.05 g Mg as
MgS0,.7 H,O. Above-mentioned fertilizers were applied
once before sowing of buckwheat seeds cv. Hruszowska.
In each pot 15 plants were left. In the experiment effects
of isopentyl alcohol (IPA) and adenine (Ad) applied at
the rate of 13 mg.kg™ of the soil and benzyladenine
(BA) at the rate 1.3 mg.kg™ of the soil were studied. Pre-
cursors of cytokinine and benzyladenine were applied
twice: half amount of the total rate 7 days and the rest
14 days after buckwheat emergence. The next experi-
mental pots were sprayed with water solution of benzyl-
adenine at the concentration of 45 mg.I”" what is equal to
the rate 170 pg.pot™.

Studies were performed in two experimental series
with or without Azotobacter sp. inoculation. Cells of
Azotobacter sp. previously isolated from the soil were
proliferated and then applied together with cytokinine
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precursors (in total in the first and second date rate
amounted to 7.8.10° CFU.pot™). Procedure of Azoto-
bacter sp. proliferation and application was given in the
paper by Kucharski et al. (1996b). During plant growing
period constant moisture level at 60% of capillary field
water capacity was maintained.

After buckwheat harvesting (in the phase of flower-
ing) yields of dry matter of above-ground matter and
roots were determined. In order to perform chemical
analyses 1 g of plant dry material was digested in 10 ml
of concentrated H,SO, with 2 ml of hydrogen peroxide.
Then digested material was transferred to volumetric
flasks and volume was supplemented to 200 ml with the
distilled water. In this solution the content of following
nutrients was analyzed: total-N, P, K and Mg. After
plants harvesting the number of the most important mi-
crobial groups (organotrophic, oligotrophic, eutrophic,
ammonifiers, celulolytic, proteolytic and nitrate fixing
bacteria; Azotobacter sp., actinomycetes and fungi) was
estimated in the soil using plate methods. Moreover, ac-
tivity of some soil enzymes was determined: dehydroge-
nase, urease and acid and basic phosphatase. The register
of chemical, biochemical and microbiological methods
is given in Tab. I.

Results of the yield of buckwheat and microbiological
examination were statistically analysed using Student
t-test (Oktaba, 1980).

RESULTS AND DISCUSSION

Tested chemicals contributed to modifications of abun-
dance of some groups of microorganisms in the soil
(Tab. II). Introduced inoculum of Azotobacter sp. as well
as studied cytokinine precursors as well as benzyl-
adenine enhanced number of organotrophic bacteria and
Azotobacter sp. It resulted in broadening of the ratio of
the sum of bacteria and actinomycetes to fungi in series
with Azotobacter sp. inoculation what can be regarded
as favourable. In series without Azotobacter sp. isopen-
tyl alcohol and benzyladenine applied to the buckwheat
leaves caused reduction of the organotrophic and eutrophic
bacteria number. Addition of N, fixing bacteria to the
control soil resulted in remarkable decrease of oligo-
trophic and eutrophic bacteria whereas only slight reduc-
tion of actinomycetes, ammonifiers and N fixing bacteria
was noted. Used chemicals stimulated proliferation of
these groups of microorganisms excluding isopentyl al-
cohol which adversely affected number of eutrophic
bacteria.

Changes of the abundance of tested groups of micro-
organisms might be caused by direct effects of studied
compounds and products of their decomposition on mi-
croorganisms, as well as by the response of plant itself
to these chemicals and mutual action of microorganisms.
Soil microorganisms and agricultural crops might affect
each other by secreted metabolites (R6zycki, Strzelczyk,
1985).
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. Methods of analysis

Analysis Material Kind of analysis Methods or medium References

P Egner modified Riehm (1938)

soil K Egner modified Riehm (1943)

Mg ASA Szyszko (1982)

Hh Kappenn Litynski et al. (1976)
Chemical N Kjeldahl Bremner (1965)

P vanado-molybdenium Cavell (1955)

plant K ESA Szyszko (1982)

Ca ESA Szyszko (1982)

Mg ASA Szyszko (1982)

Deh Lenhard modified Casida et al. (1964)
Biochemical soil Ure Gorin and Chine Chang Gorin, Chin Chang (1966)

Pac i Pal Tabatabai and Bremner Tabatabai, Bremner (1969)

Bac Bunt and Rovir Harigan, McCane (1966)

Olig dissolved broth Onta and Hattori (1983)

Eut concentrated broth Onta i Hattori (1983)

Az Fenglerowa Fenglerowa (1965)
Microbiological soil Act Kiister and Williams Parkinson et al. (1971)

Fun Martin Martin (1950)

Am Winogradski Winogradski (1953)

Cel Winogradski Winogradski (1953)

Im Winogradski Winogradski (1953)

Hh — hydrolytic acidity, Deh — dehydrogenases, Ure — urease, Pac — acid phosphatase, Pal - basic phosphatase,

Bac — organotrophic bacteria, Olig — oligotrophic bacteria, Eut — eutrophic bacteria, Az — Azotobacter sp., Act - actinomycetes, Fun — fungi,
Am — ammonifiers, Cel — cellulolytic bacteria, Pro — proteolytic bacteria, Im — nitrates fixing bacteria,
ESA - atomic emission spectroscopy, ASA — atomic absorption spectroscopy

11. The effects of cytokinins precursors on the number of soil microorganisms in 1 g of soil dry matter

Treatments Bac Olig Eut Az Act Fun Am Cel Im B+A 3
x 10° x 10° % 10° x 10! x 10° x 10° x 10° x 10° x 10 “'F“x 10
& 851 10.71 6.90 0.2 494 2.96 7.18 14.45 6.02 4.54
IPA 15.70 6.48 6.10 0.7 827 5.43 6.80 16.19 8.49 441
-Az* Ad 19.96 12.82 4.60 1.4 6.37 6.26 6.90 23.85 6.05 421
BA 15.58 5.43 6.08 1.6 8.05 1.67 7.60 8.10 6.70 14.15
BAf 19.42 6.34 3.88 0.7 539 7.78 9.88 20.81 9.25 3.19
e 10.00 312 3.75 21.1 4.04 5.80 6.28 15.96 4.85 242
IPA 2294 7.41 3.06 89.1 8.44 3.67 7.48 11.98 9.02 8.55
+Az** Ad 31.00 17.72 5.56 151.0 14.07 1.77 9.95 23.54 9.32 25.46
BA 13.93 10.75 413 534 5.36 4.70 6.57 6.80 7.43 4.10
BAf 20.39 8.54 4.08 21.0 7.48 4.10 6.65 10.09 6.50 6.80
LSD n.s. 1,50 ns. 10.6 2.34 1.42 ns. 4.60 ns.
C  =control * without Azotobacter sp. inoculation

IPA = isopentyl alcohol
Ad = adenine
BA = benzyladenine

BAf = benzyladenine foliar applied

B+ A
P

= ratio of bacteria and actinomycetes to fungi

ROSTLINNA VYROBA, 46, 2000 (11): 527532

** with Azotobacter sp. inoculation

LSD = the least significant difference at P =0.01

n.s. = not significant difference
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From earlier reports (Nieto, Frankenberger, 1989;
Kucharski et al., 1996b) it can be concluded that there is
the close relation between the number of soil microor-
ganisms and the soil enzymatic activity. Therefore if
tested chemicals affect the number of microorganisms
modifications in soil enzymes activity are noted. In our
experiment in both experimental series isopentyl alcohol
and adenine stimulated soil dehydrogenases activity
whereas soil applied benzyladenine inhibited these en-
zymes as well as urease (Tab. III). Effects of isopentyl

alcohol in the series with Azotobacter sp. inoculation
and benzyladenine in non-inoculated treatment which
significantly reduced yield of above-ground buckwheat
organs. Under effects of all tested chemicals the ten-
dency towards decrease of root yield was seen in both
experimental series.

Hence microorganisms are capable to transform iso-
pentyl alcohol and adenine to cytokinins obtained results
might indirectly prove that in the conditions of our ex-
periments effectiveness of Azotobacter sp. in transfor-

I11. The effects of cytokinins precursors on the enzymes activity per 1 g of soil dry matter

Urease Phosphatase
Treatments Dehydrogenases (ug of hydrolysed urea.h™) (umol of p-nitrophenol)
(mm’* Hy)

acid basic

-Az € 1.46 36.80 248 1.37
IPA 1.93 36.41 2.58 127

Ad 1.59 30.18 2.64 1.29

BA 1.06 28.75 318 1.40

BAf 1.40 25.87 4.61 1148

+Az e 1.86 3450 3.18 1.34
IPA 2.46 33.06 3.13 1.51

Ad 2.59 37.37 2.66 1.49

BA 1.79 33.06 2.64 1.53

BAf 2.67 4121 2.67 1.65

LSD 0.06 1.03 0.22 0.06

Explanations see Tabs. I and Il

alcohol and adenine on urease and both phosphatases
activity were not so univocal. There were variations in
two experimental series. Enzymatic activity is one of the
factors which can indicate the intensity of microbial pro-
cesses in the soil as well as quality of the soil (Bender,
Gilewska, 1983; Laad et al., 1994; Kucharski et al., 1996a).

In the conditions of our experiment applied cyto-
kinine precursors and benzyladenine and Azotobacter
sp. which was applied to transform used chemicals did
not modify development of above-ground organs as well
as buckwheat roots (Tab. IV). Exceptions were isopentyl

IV. The effects of cytokinins precursors on the buckwheat yield in
g per pot

Above-ground organs Roots
Treatments series

-Az +Az x -Az +Az x
(& 18.12 | 17.80 | 1796 | 290 | 2.56 2.73
IPA 1694 | 1504 | 1599 | 2.68 252 2.60
Ad 18.06 | 16.06 | 17.06 | 2.56 | 2.36 246
BA 13.50 | 16.78 | 15.14 | 2.60 2.50 2.55
BAf 19.16 | 19.10 | 19.13 | 2.58 2.58 2.58
LSD 2.16 2.16 1.52 | ns. ns. ns.

Explanations see Tabs. I and 11

530

mation of IPA into cytokinins was low. According to
Nieto, Frankenberger (1990) bacteria of genus Azoto-
bacter sp. are able to synthesize cytokinins from iso-
pentyl alcohol but it is determined by amount of sub-
strate available as well as by the presence of other
precursors for example adenine in the rhizosphere.
Hradecka, Petr (1988) reported that cytokinins enhanced
yield. They found during studies on rye 29 to 38% yield
increase due to increase of the number and weight of
kernels compared to the control. In described experi-
ment with buckwheat this compound was not effective
what was indicated by decrease of above-ground matter
yield ranged from 16% under the effects of isopentyl al-
cohol with Azotobacter sp. inoculation to 26% in the
treatment with soil applied adenine without inoculation.

From own studies and from available literature it can
be concluded that plant chemical composition might be
modified by applied cytokinins. In Nowak, Wierzbow-
ska (1991) and Harms, Nowak (1990) studies tendency
towards increase of N content in tested crops was seen.
Plant growth regulators by stimulation of some proteases
in flag leaf and glumes modified N redistribution caus-
ing more intense transport of N compounds from donors
to acceptors, i.e. kernels.

In our experiment in the series without inoculation
isopentyl alcohol caused increase of N, K, Na, Ca and
Mg content in above-ground organs and N and Ca also
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V. The effects of cytokinins precursors on the chemical composition of buckwheat plants in percent

Above-ground organs Roots

L N P K Na | Cca | Mg N P K Na | Ca | Mg

€ 1.75 035 428 0.12 1.89 0.70 1.07 0.21 1.16 0.19 0.96 0.46

IPA 2.05 0.32 440 0.18 2.53 0.83 1.30 0.19 1.08 0.18 1.08 0.44

-Az Ad 2.58 035 4.08 0.13 2.15 1.20 1.00 0.17 1.06 0.19 0.85 0.50
BA 235 0.27 428 0.14 1.86 0.80 1.34 0.18 1.50 0.21 1.14 048

BAf 1.99 0.32 4.60 0.14 1.69 0.84 1.05 0.19 1.04 0.19 1.19 0.48

c 230 0.36 452 0.14 1.84 1.08 1.14 0.21 1.18 0.12 1.16 0.46

IPA 1.98 0.32 4.72 0.15 240 0.87 0.99 0.17 1.10 0.10 0.93 0.48

+Az Ad 228 0.36 5.04 0.14 2.00 0.87 1.23 0.20 1.04 0.09 1.26 0.72
BA 2.30 0.34 432 0.13 191 0.95 1.22 0.20 1.18 0.10 1.08 0.46

BAf 2.56 0.33 4.00 0.12 1.71 1.08 0.90 0.17 0.90 0.06 1.05 0.39

Explanations see Tabs. I and II

in buckwheat roots (Tab. V). Benzyladenine and adenine
positively affected concentration of N and Mg in above-
ground organs whereas benzyladenine affected content
of N, K and Ca in roots. Soil inoculation with Azoro-
bacter sp. cells enhanced content of N, K, Na and Mg in
above-ground organs and N, K and Ca in roots. In this
experimental series cytokinins precursors enhanced con-
tent of K and Ca whereas content of Mg in buckwheat
above-ground organs was decreased similarly to Na and
K in roots tissues.
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