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WEATHER CONDITIONS AND BIOSYNTHETICAL
PROCESSES IN HOP CONE

POVETRNOSTNI PODMINKY A BIOSYNTETICKE PROCESY
VE CHMELOVE HLAVCE

K.: Krofta, A. Rigr, V. Nesvadba

Hop Research Institute, Ltd., Zatec, Czech Republic

ABSTRACT: An important influence of weather conditions on bitter substances formation is generally accepted. Dynamism
of alpha bitter acids formation before harvest in the period 1992 to 1996 showed significant year-to-year differences. It
consisted not only in absolute amount of bitter acids, but in composition of hop oils as well. The comparison of meteorological
data proved some coherence between alpha bitter acids content and extent of temperature and precipitation deviations from
long-term average in the period from July to August. The average air temperatures in the range of 16 to 18 °C seems to be
optimal in Saaz growing region from the point of view of bitter acids formation. Increase of temperatures above this optimum
to 20 °C can be partly compensated by higher amount of rain precipitation in split portions or by irrigation supplied from
the ceiling above hop plants (trickle irrigation). The temperatures above 20 °C with the lack of water lead to the blockage
of biosynthetical process.

hops; weather conditions; biosynthesis; hop resins; alpha bitter acids; hop oils

ABSTRAKT: Vyznamny vliv povétrnostnich podminek na tvorbu hofkych latek chmele je vieobecné uznavan. Sledovani
dynamiky tvorby alfa hoikych kyselin pied sklizni v letech 1992 az 1996 ukdazalo znaéné meziro¢ni rozdily. Spocivaly nejen
v absolutnim obsahu alfa hotkych kyselin, ale i ve sloZeni chmelovych silic. Porovnani meteorologickych tdaji ukézalo
souvislost mezi obsahem alfa hotkych kyselin a mirou teplotnich a srazkovych odchylek od dlouhodobych priméra v obdobi
cerven aZz srpen daného vegetaéniho roku. V podminkich Zatecké chmelaiské oblasti se z hlediska tvorby hotkych latek
ukazuji jako nejvhodnéjsi primérné denni teploty vzduchu v rozmezi 16 az 18 °C. Narust teplot nad toto optimum do 20 °C
mize byt do uréité miry kompenzovan vét§im mnoZstvim srazek v rozloZenych davkach nebo umélou zavlahou dodavanou

shora (kapkova zavlaha). Teploty nad hranici 20 °C pfi nedostatku vldhy zapficifiuji blokaci biosyntetického procesu.

chmel; povétrnostni podminky; biosyntéza; chmelové pryskyfice; alfa hoiké kyseliny; chmelové silice

INTRODUCTION

The Saaz growing region is the most important hop
production region in the Czech Republic. It spreads in
the so-called ,rain shadow* of the North-Bohemian
border mountains. Diversity of soil structure from
sandy soils to heavy clay is the characteristic trait of
the region. Height overtop represents approximately
300 m from lower location in Ohfe river basin to
Podlesi. Typical weather conditions, i.e. higher tem-
peratures and lower rain precipitation, are typical traits
of the continental climate and significantly influence
conditions of hop growing in individual localities. Just
the course of weather conditions is generally known as
a decisive factor in biosynthesis of bitter acids and hop
oils and simultaneously, important yield influencing
factor. Hautke (1983) evaluated the influence of
weather conditions and other agronomical factors to
alpha acids content in the years 1974 to 1979. Tem-
peratures in the period since 3rd August to 10th Sep-
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tember, time of harvest, temperature and precipitation
are factors which influence yield and content of hop
resins. These factors are not closely specified.
Hautke, Petiicek (1967) studied quality as-
pects of bitter substances formation in dependence on
weather. Smith (1969) performed extensive investi-
gation of connections between course of temperatures
in the period from May to harvest and content of bitter
substances. He collected data from several European
countries (including former Czechoslovakia). On the
basis of processed large data sets he concluded, that
average temperatures in the period of 40 to 60 days
before harvest had significant influence on the content
of alpha bitter acids in hops. He presents that the high-
est contents of soft resins were reached in the years (in
England) when average temperatures in July and Au-
gust were approximately 16.5 °C. Thomas (1980)
found close correlation between alpha bitter acids con-
tent and temperature in the period since 24th May to
21st June, i.e. in the period of intensive longitudinal
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growth of hop plants. Adverse influence of high tem-
peratures on hop resins formation in the period of hop
cones maturation confirmed Zattler, Jehl (1962),
Ljasenko (1985) and Fric (1989). Most papers
are exclusively aimed at investigation of correlation
between temperature and bitter acids contents, only in
a few papers the influence of rain precipitation is con-
sidered. No paper refers about influence of weather
conditions on hop oil composition.

MATERIAL AND METHODS

The course of bitter acids formation in the period of
hop cones forming and maturation is performed every
year by the Hop Research Institute, Ltd., Zatec. The
aim of this is to estimate the level of alpha acids con-
tent in forthcoming harvest and determination of its
optimum beginning. Samples of hop cones from the
middle parts of hop plants are taken in seven day inter-
vals at 15 to 20 chosen localities. First sampling is
performed at the beginning of August, when hop cones
start their intensive growth. Ten to 15 plants are sam-
pled from each locality. Subsequent sampling is per-
formed approximately at the same place of the hop
garden. Last samples are taken about seven days after
beginning of the harvest. Maximum comparability of
results is ensured in this way.

. Summary of weather parameters (Zatec, 1992-1996)

Hop cones samples are dried in laboratory hot-air
drier with forced circulation at the temperature 50 to
60 °C. Content of alpha bitter acids is determined by
conductometric titration according to CSN 46 2520-15
method. Hop oil analyses were performed in crop sam-
ples by steam distillation/GC chromatography method.
Statistical processing of experimental data were per-
formed with the help of computer program Adstat 2.0
(Trilobyte, Pardubice). Meteorological data measured
on an automatical computer station located within Hop
Research Institute campus. Data were compared with
long-term average values (temperatures = 30 year
mean, precipitation = 50 year mean).

RESULTS AND DISCUSSION

Weather conditions of individual vegetation seasons
are significantly different in investigated period. In
1992 the course of temperatures till July corresponded
with long-term average, then temperature increased to
harvest. The amount of precipitation is characteristic by
a high deficit except for July. This vegetation season is
considered to be less favourable from the hop growing
point of view. In the year 1993 the curve of tempera-
tures and precipitation corresponded with long-term av-
erage. Higher precipitation and lower temperatures
(15.5 °C) were recorded in the period July to August.

Year Monds Mean/Sum
4 5 6 7 9
long-term mean 8.1 13.7 16.7 18.8 17.4 14.9
1992 8.1 14.1 17.4 19.0 20.2 15.8
deviation 0.0 0.4 0.7 0.2 2.8 0.8
1993 10.8 16.1 16.0 17.5 17.2 15.5
Temperature deviation 24 2.4 -0.73 -1.28 -0.2 0.6
o 1994 8.4 13.5 175 213 18.2 15.8
deviation 0.3 -0.2 0.8 25 0.8 0.8
1995 72 12.9 152 20.4 179 14.7
deviation -0.93 -0.79 ~1.49 1.6 0.5 -0.22
1996 8.6 12.9 16.5 16.4 16.4 14.2
deviation 0.5 -0.8 -0.2 24 -1.0 -0.78
long-term mean 33.0 52.0 66.0 66.0 51.0 268.0
1992 45.9 11.4 28.0 82.2 9.0 176.5
deviation 12.0 -40.6 -38.0 16.2 -42.0 915
1993 16.2 53.8 88.3 83.9 64.2 306.4
Precipitation deviation -16.8 1.8 223 17.9 13.2 38.4
(mm) 1994 49.4 70.4 15.4 15.5 34.0 184.7
deviation 16.4 18.4 -50.6 -50.5 -17.0 -833
1995 23.6 61.8 92.0 64.6 46.0 288.0
deviation -9.4 9.8 26.0 -1.4 -5.0 20.2
1996 19.2 44.6 104.4 50.6 117.4 336.2
deviation ~13.8 -74 38.4 -15.4 66.4 68.2
302 ROSTLINNA VYROBA, 43, 1997 (7): 301-306
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Vegetation season of this year was positive from the
hop growing and hop quality point of view. The fol-
lowing year 1994, in spite of initial positive course,
was characteristic by enormous temperature increase in
July and August. The curve of precipitation exhibited
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deep deficit in the period May to August. Simultaneous
effect of both factors caused that the year 1994 is con-
sidered as one of the worst years from the brewing
substances formation point of view in the history. The
course of temperatures in the year 1995 is to a certain
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II. Dynamics of alpha acids formation before harvest (1992-1996)

Lead conductance value (w/w) CSN 46 2520-15

Locality 1992 1993 1994 1995 1996

L./8+ 11./8 I11./8 Iv./7 1./8 11./8 111./8 1./8 11./8 I11./8 1./8 11./8 111./8 1v./8 I./8 11./8 111./8 IvV./8
PSov 39 39 35 3.1 39 4.0 43 24 1.7 23 1.8 28 33 3.7 1.6 3.0 4.6 5.4
Mécholupy 3.9 39 39 3.} 3:7 43 43 3.0 3.0 32 1.9 32 42 3.6 2.0 3.7 45 54
Blsany 3.6 3.0 35 3.7 3.8 37 44 3.6 3.1 3.0 22 32 37 38 2.0 3.1 39 49
Hofesedly 29 34 34 2.7 2.8 38 37 23 23 26 * 1:9 32 32 0.7 2.6 36 49
KnéZeves 39 4.1 4.0 2.2 3.1 4.0 45 3.0 36 2.8 * 29 42 44
Chrastany 23 4.0 4.1 harvested
Mutéjovice 54 85 43 2.7 3.1 34 4.7 38 35 harvested 1.4 34 42 4.1 1.4 2.6 37 40
Konétopy 3.6 3.6 3.6 2.8 33 3.6 4.1
Solopysky 4.1 39 3.8 1.0 1.9 22 2.8 17 29 3.8 44
Rogov 4.0 4.4 5.0 24 39 4.1 45 34 3.1 29 23 3.0 33 33 0.7 1.8 39 5.1
Msec 34 4.1 3.6 2.5 32 42 44 3.0 2.8 2.1 . 27 32 38 13 3.0 4.0 harvested
Vrbig¢any 3.0 29 29 25 3.1 3.1 3.7 L5 2.1 2.1
Slapanice 3.1 3.0 27 34 39 4.1 42 3.0 3.4 25 1.8 34 33 38 26 4.0 4.2 49
Pocedélice 34 37 37 3.0 3.7 39 39 3.7 3.6 3.0 1.7 3.6 3.8 4.0 3.0 4.1 42 5.0
Postoloprty 32 3.8 32 33 3.7 38 3.7 2.5 22 harvested 22 33 35 34 3.0 3.7 42 52
Steknik 3.1 33 3.0 3.2 3.6 3.8 3.7 25 2.8 2.7 1.6 29 34 32 29 39 43 5.1
Arithmetic mean 3.60 3.76 3.59 2.90 3.49 3.82 4.15 2.99 2.94 2.75 1.79 294 3.50 3.62 1.94 3.26 4.08 4.94
Median 3.50 3.75 3.55 2.90 3.65 3.85 4.25 3.00 3.05 2.5 1.80 3.00 3.40 3.70 2.00 3.10 4.10 5.00

* beginning of hop cones formation

+ weak in current month




111. Composition of hop oils (crop means, 1992-1996)

. Year
Hop oil component
1992 1993 1994 1995 1996
Myrcene 36.8 38.4 51.0 324 57.5
Caryophyllene 6.5 6.3 48 6.5 43
Humulene 21.2 229 19.8 211 15.6
Farnesene 15.9 18.1 10.6 15.2 9.9

extent identical to the previous one but temperature
increase was not so sharp. Owing to sufficient water
supply in the decisive period July to August, critical
situation of the year 1994 did not repeat. Within the
period 1992 to 1996, the year 1996 is the most favour-
able one from hop growing point of view. Partial lack
of precipitation in July was compensated by balanced
course of temperatures in June, July and August. Tem-
peratures were lower compared to long-term average,
the sum of deviations was —3.6 °C within this period.
Simultaneous influence of these factors made a posi-
tive impact on biosynthesis of hop resins, hop oils and
yield. Contents of alpha bitter acids are comparable
with the results recorded in the 1960s and 1970s, i.e.
before global decline in last decade.

Factual weather data are collected in the Tab. I and
the Figs 1, 2. The course of alpha acids formation (ex-
pressed like lead conductance value) during pre-harvest
period is summarized in Tab. IT and Fig. 3. These data
are completed by average crop composition of hop oils
in Tab. IIL In spite of relatively short evaluated period,
it is clear that contents of alpha bitter acids and hop oil
composition exhibit considerable year-to-year devia-
tions.

This year’s dependence is generally accepted. Tem-
peratures in the initial phase of biosynthetical process
at the level of 20 °C in the year 1992 caused fast in-
crease of alpha acids contents, but did not stimulate it
till harvest. Further temperature increase in August
brought inhibition on bitter acids formation. In 1993
the course of temperatures is stabilized at lower values
(16 to 17 °C) and brought the continual growth of alpha
bitter acids contents till harvest. Weather and quality
extremes are typical for the year 1994. Long-term
tropical hot weather at the turn of July and August
considerably slowed down not only growth of cones
but preferably bitter acids formation as well. Favour-
able course of temperatures in June and the first decade
of July reflected in relatively high alpha acids content
in the first sampling at the beginning of August. Sub-
sequent samples unambiguously proved, that this origi-
nal level of alpha acids content not only increased, but
even declined till the beginning of harvest. It can be
deduced that the blockade of biosynthetical process oc-
curred. Water supply in the second half of August posi-
tively influenced growth of cones, but blockade men-
tioned above was not completely released. The year
1994 is, in spite of average yield, notable by the lowest
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IV. Sum of deviations from long-term means (June, July, August)

Year Temperature Precipitation | Alpha acids content
(§9) (mm) (% wiw)

1992 +3.7 -63.8 3.6

1993 =221 +53.4 4.2

1994 +4.10 -118.1 28

1995 +0.62 +19.6 3.7

1996 -3.60 +89.4 5.0

content of alpha bitter acids (LCV = 2.6% w/w) re-
corded in the Saaz growing region. The temperatures
above 20 °C negatively influenced content of alpha
acid at the beginning of hop cones forming in the year
1995. Sufficient precipitation supply attenuated to
a certain extent adverse effect of the temperatures so
that final average level of alpha acids laid at usual
value (3.5 to 4.0% w/w). Balanced course of the tem-
peratures at the level ca 16 °C in the period July to
August and sufficient water supply in August resulted in
relatively steep increase of alpha acids contents in the year
1996. The harvest was postponed by approximately
five days this year.

Optimal temperatures for bitter acids formation de-
termined in in vitro conditions (Fun g et al., 1996) lies
within the interval of 20 to 30 °C with strong decline
above the top value of this interval. This relationship
seems to be similar in field conditions but shifted to
lower temperatures as the results of 1994 documented.

It is interesting that in the years 1994 and 1996 that
means the years with entirely different course of
weather conditions and dynamics of alpha bitter acids
formation (Tab. IV), was the character of hop oils com-
position very similar. Approximately 75% of total oils
weight falls to terpenic fraction. The proportions of
sesquiterpenes humulene, caryophyllene, farnesene,
selinene and others are considered as dominant for fine
hop aroma formation (Haunold, 1988; Narziss,
1992). Myrcene and other monoterpens are thought to
be responsible for a penetrant sharp aroma and there-
fore are unwanted components of hop essential oils.
The increase of myrcene contents above 50% rel. in the
years 1994 and 1996 exceeds usual values by approxi-
mately 20%. At the same time lower contents of caryo-
phyllene, humulene and farnesene are evident. The de-
cline is relevant especially for farnesene content
because farnesene is considered to be an important

305



marker of fine aroma hops in hop oils. Determined
values about 10% are approximately by 1/3 lower com-
paring to usual ones. The changes in hop oils compo-
sition reflected in the intensity of hop aroma, but not
in its character. In other years of period investigated
(1992, 1993, 1995) the composition of hop oils re-
sponded to typical values of Saaz hops in spite of lower
content level of bitter acids.

CONCLUSIONS

The average day temperatures in the range of 16 to
18 °C within a period July to August seem to be opti-
mum ones for hop resins biosynthesis in conditions of
the Saaz growing region. Water supply should be 65 to
70 mm/month. Increase of temperatures above this op-
timum to 20 °C can be compensated to some extent by
higher precipitation in split rates. The influence of hop
garden microclimate on hop resin and hop oils forma-
tion has not been sufficiently appreciated yet. Addi-
tional sources of water, especially trickle irrigation sup-
plied from the irrigator placed in the ceiling of a hop
garden, are unambiguously positive factor. A hop plant
is not forced to use water received by root system for
leaf cooling, but it can be used for biosynthetical proc-
esses. Extreme weather conditions in some vegetation
seasons help to reveal some coherences between
weather conditions and biosynthesis of brewing valu-
able substances.
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THE EVALUATION OF THE VIRUS-FREE HOP QUALITY
AFTER FIVE YEARS GROWING IN THE CZECH REPUBLIC

HODNOCENI KVALITY BEZVIROZNICH CHMELU PO PETI LETECH
PESTOVANI V CR

V. Fric, K. Krofta, P. Svoboda, J. Kopecky

Hop Research Institute, Ltd., Zatec, Czech Republic

ABSTRACT: Virus-free hops are grown at considerable area at the present time (1996). It represents 13% of total hop
gardens area (including new plantings from the year 1996). Virus-free hops still hold (i.e. five years after first planting in
the year 1991) considerable quality and quantity advantages comparing with traditional hops. They contain substantially more
hop resins, the content of alpha bitter acids is higher by nearly 100% in dependence on the year of harvest. Content of beta
bitter acids changes slightly and does not exceed 10 to 15% as a rule. The analyses of hop oils confirm presence of farnesene
as the most important marker of the Saaz semi-early red-bine hops in hop oils. Virus-free hops give higher yield. The
difference, comparing to traditional hops, is the most significant in the first crop. After achievement of full effectiveness
virus-free hops give higher yield by 20 to 25%. No reinfection by ApMV has not been detected yet.

hops; alpha and beta bitter acids; hop oils; gas chromatography; high performance liquid chromatography; Osvald’s clone
72; reinfection; ELISA; ApMV

ABSTRAKT: Viruprosté chmele se v soucasné dobé (1996) péstuji na vyznamné rozloze. V&etné vysadeb z roku 1996 jsou
tyto chmele osdzeny na 13 % celkové rozlohy produkénich chmelnic. Ozdravené porosty si nadile (tj. po péti letech od
zaloZeni prvnich vysazi v roce 1991) udrZuji znaény kvalitativni i kvantitativni naskok v porovnani s tradi¢nimi porosty.
Meristémové chmele obsahuji podstatné vice chmelovych pryskyfic, obsah alfa hotkych kyselin je vyssi téméf o 100 %
v zdvislosti na roéniku sklizn€. Obsah beta hotkych kyselin se méni nepodstatné a nepievysuje zpravidla hodnotu 10 aZ 15 %.
Analyzy chmelovych silic viruprostych chmeli potvrzuji pfitomnost farnesenu jako nejdileZitéjsiho markeru Zateckého
poloraného Cervendku ve sloZeni chmelovych silic. Dal§i pfednosti bezviréznich chmelt je vy3si vynos. Rozdil v porovnani
s kontrolami je nejvyraznéjsi po vysadbé, po dosaZeni plné vykonnosti porosti davaji ozdravené chmele o 20 az 25 % vyssi
vynos. Reinfekce virem mozaiky jabloné ApMV nebyla dosud prokédzéna ani na prvnich vysdzenych chmelnicich z roku 1991.

chmel; alfa a beta hotké kyseliny; chmelové silice; plynova a kapalinova chromatografie; Osvaldav klon 72; reinfekce;
ELISA; ApMV

INTRODUCTION virus-free hops gradually increased (Fric, 1996;
Svoboda, Kopecky, 1996).

The topic of this paper links-up to the previous one

(Krofta, Kroupa, 1995), where quality parame-
ters of virus-free hops from the first three harvests were
collated. In this paper the evaluation of hop bitter acids,
hop oils analyses of virus-free hops (Osvald’s clone 72)
from subsequent two harvests 1995, 1996 and overall
evaluation of analytical data for the whole period 1992
to 1996 including yield parameters are presented.

In the years 1995, 1996 growing area of virus-free
hops Osvald’s clone 72 has considerably increased and
reached approximately 500 ha at the end of 1996. This
progress corresponds with the trend of root stock pro-
duction in the recent years (Fig. 1). Steep increase of
the number of virus-free root stock is apparent. A lot
of experience regarding to agronomy technology and
pest control have been obtained when growing area of

ROSTLINNA VYROBA, 43, 1997 (7): 307-314

MATERIAL AND METHODS

Like in the previous period the samples of virus-free
and control hops were taken on selected hop gardens in
the years 1995, 1996. The samples of hop cones were
dried in the hot-air dryer at the temperature of 50 to
60 °C and kept in the dark and cold place until proc-
essing. Other hop samples were received directly from
hop growers from all growing areas in the Czech Re-
public. Hop bitter acid were analysed by HPLC method
and hop oils by GC method. Hop oils were isolated
using steam distillation method (CSN 46 2520-13). The
analyses of hop bitter acids were performed on analy-
tical column Nucleosil 5 pm, 250 x 4.6 mm, RP Cg
(Macherey Nagel). Mobile phase consisted of the mix-
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ture methanol-water-phosphoric acid 850 : 170 : 2.5
(v : v :v). Analyses were performed on liquid chroma-
tograph Schimadzu LC-10A with DAD detector at the
wavelength 314 nm. Hop oils were analysed by GC-MS
system (Varian 3400 + Finnigan ITD 800) on capillary
~column DB 5.30 m x 0.25 mm x 0.25 pm, temperature
programme 60 to 250 °C, carrier gas helium 4.8.

Statistical evaluation of analytical data had to be
frequently made for small data sets (< 10 data). Such
results are generally burdened by significant uncer-
tainty. The medians as robust estimates of mean values
were used for statistical evaluation of hop bitter acids
and hop oil provided that the size of evaluated set is
higher than eight data. Using this parameter mean va-
lues are not influenced by outliers, which can easily
occur if biological samples are evaluated. The mean
values of smaller data sets were evaluated according to
the Horn method (Meloun, Militky, 1994), that
is based on order statistics. In the year 1992 the sam-
ples from only three localities were evaluated. The es-
timates of mean values were calculated like an arithme-
tic mean from the nearest points. Statistical evaluation
of experimental data was performed with the help of
statistical programme Adstat 2.0 (TriloByte, Pardu-
bice, CR).

Virus-free material was obtained by meristem cul-
tures method in vitro and thermotherapy (Svoboda,
1993). The valuation of virus-free hop state of health
was performed by ELISA method (Clark, Adams,
1977). The occurrence of the most relevant virus, i.e.
apple mosaic virus (ApMV), has been investigated
(Svoboda, 1993).

RESULTS AND DISCUSSION
Hop resins

In Tab. I the contents of hop bitter acids in virus-
-free and control hops from the crops 1995, 1996 are
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summarized. The results confirm the trends from the
previous period, i.e. substantial increase of alpha bitter
acids contents in virus-free hops by 96% in 1995 and
40% in 1996, respectively, compared to control hops.
The increase of beta bitter acids is not so significant (in
some samples of virus-free hops is a little bit lower)
and does not exceed 10 to 15% as a rule. This fact is
practically illustrated on Fig. 2 where bitter acids chro-
matograms of both hops are superimposed (Brozany,
1996). The increase of alpha/beta ratio from the values
of 0.7 to 0.9 for control hops to the values > 1.0 for
meristems is the direct consequence of these changes.
The differences in cohumulone and colupulone are very
small, in the year 1995 not statistically significant, in
the year 1996 only difference of cohumulone is signifi-
cant (critical value 2.12, r-statistic 2.28). In spite of this
negligible divergency, it can be stated that virus-free
hops and control hops are undistinguishable in this
quality parameter as virus-free hops preserve this char-
acteristic varietal parameter.

The evaluation of alpha bitter acids contents in the
period 1992 to 1996 is given in Fig. 3. Mean crop
values of virus-free and control hops for each year are
compared. Statistical evaluation of crop mean values of
alpha bitter acids in the period 1992 to 1994 using
various methods is in Tab. II. The content of alpha
bitter acids in virus-free hops is not subject to such
significant fluctuations compared to control hops and
exhibits appreciable year-to-year stability.

In the year 1994, when the historically lowest con-
tent of bitter acids was recorded, virus-free hops coped
with adverse weather conditions during vegetation sea-
son (long-term hot and dry spell in summer) much bet-
ter than control hops. Last vegetation season of 1996
was very positive from the biosynthesis of hop resins
point of view. It is interesting that this favourable con-
ditions more influenced control hops. While in the
years 1994 and 1995 virus-free hops contained more
alpha acids by 90 to 100% in the average, in 1996 this
difference was only 40%.

ROSTLINNA VYROBA, 43, 1997 (7): 307-314
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. Evaluation of hop resins, crop 1995, 1996 (virus-free and control hops, HPCL/EBC 7.4.1 method)

1995 1996
ol Satiile alpha beta ratio cohumulone colupulone alpha beta ratio cohumulone colupulone
Y P (% wiw) (% wiw) alpha/beta (% rel.) (% rel.) (% wiw) (% wiw) alpha/beta (% rel.) (% rel.)
i K 4.42 4.22 1.05 242 423 5.08 537 0.95 242 41.6
BliZevedly
M 757 4.71 1.61 24.5 42.6 6.92 6.18 1.12 254 423
Stskii K 3.66 431 0.85 23.7 42.0 5.70 6.38 0.89 26.5 40.9
ekni
M 6.27 4.34 1.45 22.7 41.8 8.42 7.98 1.06 25.3 41.4
K 3.32 4.10 0.81 25.9 41.5 539 5.46 0.99 25.6 42.7
Brozany
M 6.55 4.26 1.54 23.7 41.3 7.04 5.44 1.29 23.7 40.7
K 2.26 3.68 0.61 28.6 438 471 5.49 0.86 269 42.8
Kounov
M 7.09 5.07 1.40 26.6 42.4 6.67 6.07 1.10 22.1 37.8
K 3.86 5.04 0.77 25.1 41.5 5.06 5.75 0.88 243 41.5
Holedeé
M 7.69 4.80 1.61 25.2 41.3 8.40 6.78 1.24 234 413
— K 2.73 4.00 0.68 26.7 42.8 4.43 5.53 0.80 26.5 41.9
Lib&ice
M 5.24 4.00 1.31 23.8 42.1 6.71 5.62 1.19 259 43.1
K 3.0 2 & it 43.0
Skytaly 6 4.10 0.75 27
M 6.10 4.11 1.48 27.6 43.5
s . K 3.96 4.83 0.82 245 425
Smilovice-Kozir
M 7.79 4.94 1.58 244 41.9 6.79 6.73 1.01 24.6 42.1
2 K 3.19 4.58 0.70 252 41.0 3.99 492 0.81 26.2 40.9
Védomice
M 6.44 4.70 1.37 26.0 432 5.44 6.38 0.85 23.7 40.1
G K 5.26 5.36 0.98 26.0 427
Tuchofice
M 7.34 5.57 1.32 26.0 432
. K 3.45 4.30 0.80 26.2 42.7 433 4.94 0.88 27.0 425
Domazelice
M 5.71 4.75 1.20 254 422 6.68 6.32 1.06 259 41.5
y K 3.32 4.22 259 423 4.89 5.42 26.3 422
Median
M 6.50 4.70 249 42.2 6.86 6.25 25.0 41.5
. K 2.82-3.82 3.96-4.48 24.5-27.3 41.3-433 4.15-5.61 5.05-5.78 24.8-27.7 41.2-43.2
95% confidence interval
M 5.50-7.49 4.26-4.14 23.4-26.3 41.5-42.9 6.25-7.46 5.64-6.86 23.3-26.6 40.3-42.6

K = control, M = virus-free, alpha acids contents are based on dry matter




Hop oils

Amounts of the most important mono- and sesqui-
terpens (myrcene, caryophyllene, humulene and farne-
sene) were followed in the hop oils composition. Their
proportion in virus-free and control hops in the years
1995 and 1996 is collated in Tab. III, corresponding
GC chromatogrames (Brozany, 1995) are depicted in
Figs 4, 5. The summary of hop oils composition in the
1992 to 1996 period is given in the Tab. IV. Year-to-
-year variations of terpens proportion seem to be rela-
tively considerable in this period. Especially in the
years 1994 and 1996 higher proportion of myrcene is
evident. This increase is above all of the detriment to
farnesene content. The proportions of humulene and
caryophyllene are more balanced. These differences,
that comparably occur in virus-free and control hops,
are significant so far that influence the intensity of hop
aroma in the whole crop. Slight shift in the proportion
of individual terpens between virus-free and control
hops can be observed. Virus-free hops have lower myr-
cene content and higher sesquiterpenes content. In the
years 1995 and 1996 this shift did not prove to be
statistically significant. From the sensoric point of view

——

sl ] 1ol

_\
e

virus-free
control

200

n + adhumulone

100

cohumulone

colupulone
n + adlupulone
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II. Statistical evaluation of alpha acids contents (1992-1994)

Alpha acids content
Locality Sample (% wiw)
1992 | 1993 | 1994
K 4.5 3.7 24
Steknik
M 5.1 5.8 5.4
K - 33 13
Holede&
M - 55 | 42
y K 13 | 33 13
Védomice
M 33 | 55 | 42
K - 52 | 24
Brozany
M - 70 | 34
K 34 | 33 -
Prilepy
M 62 | 56 | 5.7
) K = 17447 | 27
Domazelice
M - 58 | 46
1992 1993 1994
Mean value
K M K M K M
Arithmetic mean | 3.07 | 4.87 | 3.93 | 598 | 2.46 | 4.77
Median 34 5:1 37 [ 58 |24 |495
Horn 395" | 5657385 |59 |24 |48

K = control, M = virus-free ‘arithmetic mean from 2 nearest values

Ry

2. Chromatograms of hop
bitter acids (virus-free and
control hops; Brozany,
1996)

ROSTLINNA VYROBA, 43, 1997 (7): 307-314
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II1. Evaluation of hop oils, crop 1995, 1996 (virus-free and control hops, GC/MS method)

1995 1996
Losality Samgls weight 7f oil hop oil composition (% rel.) weight of oil hop oil composition (% rel.)
(% wiw) myrcene caryophyllene humul fari (% wiw) myrcene caryophyllene humulene farnesene
K 1.04 i ; 4 - 3 i ) 19. 10.9
Blizevedly 41.0 51 18.1 153 1.04 51.0 5.5 9.3
M 1.60 259 7.4 22.1 19.8 1.09 533 53 13.5 10.7
Steknik K 1.18 67.9 3.2 10.2 8.9
M 1.33 66.3 29 9.8 9.2
K 2.19 25.0 6.8 24.0 144 1.37 51.8 3.6 11.6 9.3
Brozany
M 1.43 23.0 7.1 22.0 18.6 1.28 42.1 5.6 17.9 16.8
K 1.00 26.0 8.2 255 15.2 0.94 65.1 39 13.3 7.8
Kounov
M 112 274 7.6 21.5 18.4 1.11 64.6 3.7 11.9 88
K o : ; i A
Holeded 1.48 36.9 5.5 19.4 12.2
M 1.58 29.6 7.4 21.9 17.5 1.49 51.4 53 18.4 9.9
P, K 0.97 36.3 59 21.0 153 0.88 60.9 43 14.2 8.6
Lib&ice
M 0.77 28.1 6.5 19.3 20.4 1.09 49.9 547 18.6 11.6
Skytaly K 0.71 33.2 6.2 19.5 14.1
M 1.14 26.6 7.4 224 20.4
K
Smilovice-Kozar
M 1.16 28.9 7.0 21.6 19.4 0.93 55.7 43 15.8 11.6
) K 0.94 329 6.5 211 15.2 1.24 518 5.0 183 11.2
Védomice
M 0.86 28.7 7.0 21.1 17.9 1.15 51.8 45 16.7 12.6
Tuchofice K 1.18 63.7 3.6 12.8 8.6
M 1.29 60.3 43 13.8 10.6
K 0. f 4 4 5 i ? i 20.4 11.
Domaselice 68 389 53 17.4 13.6 0.78 524 6.1 7
M 0.76 324 58 18.7 16.2 1.05 56.0 58 17.3 12.4
{ K 0.98 34.8 6.1 303 14.8 111 56.7 4.1 13.8 9.1
Median
M 1.14 28.1 7.1 21.7 18.6 1.13 54.5 49 16.3 11.1
. K 0.60-1.36 27.7-33.9 5.0-7.1 17.1-23.4 13.5-16.1 0.84-1.38 44.1-69.2 2.75-55 - 82-193 6.9-11.3
95% confidence interval
M 0.76-1.52 26.2-30.0 6.6-7.6 20.1-23.3 17.1-20.1 0.95-1.31 48.2-60.8 3.7-6.1 12.8-19.7 9.5-12.8

K = control, M = virus-free




3. Crop averages of alpha acids
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5. GC chromatogram of the Saaz semi-early red-bine hop plant (Osvald’s clone 72/meristeme)

these differences are neglegible as well. More impor-
tant are year-to-year variations mentioned above.

Yield

Most growers harvest meristem hops separately.
Thanks to it relatively reliable data regarding to yield
parameters are available. Yields of virus-free and con-

312

trol hops and production of pure alpha acids in kg/ha
in the year 1996 are summarized in Tab. V. Yield
evaluation in the period 1992 to 1996 expressed like
meristem/control ratio ordered according to number of
harvests is in Fig. 3. We can see that the most signifi-
cant yield differences between virus-free and control
hops are in the first year’s crop. In the further harvests,
when hop plants come to full performance, yield con-

ROSTLINNA VYROBA, 43, 1997 (7): 307-314



V. Proportion of terpens in hop oils-crop means (1992-1996)

& 1992 1993 1994 1995 1996
5 K M K M K M K M K M
Myrcene 35.1 349 45.1 41.8 55.7 52.1 348 28.1 56.7 54.5
Caryophyllene 7.0 6.7 52 54 46 4.5 6.1 71 4.1 4.9
Humulene 20.8 21.6 20.0 2122 17.9 19.7 20.3 21.7 13.8 16.2
Farnesene 18.1 19.3 18.8 18.7 99 127 14.8 18.6 9.1 11.1
K = control, M = virus-free
V. Comparison of yield parameters, crop 1996 (virus-free and control hops)
i Control Yield Alpha acids Production Index
Planting Locality P
(autumn) virus-free (t/ha) (% wiw) (kg alpha/ha) yield (kg alpha/ha)
i K 1.50 4.00 60 100 100
1991 Védomice
M 1.98 5.44 108 132 180
K 1.36 5.70 78 100 100
Steknik
M 1.63 8.42 137 120 176
K 1.70 5.39 92 100 100
Brozany
1992 M 1.75 7.04 123 103 134
K 1.23 5.06 62 100 100
Holede¢
M 1.85 8.40 155 150 250
" K 1.88 433 81 100 100
Domazelice
M 2.06 6.68 138 110 170
K 1.42 5.08 72 100 100
BliZevedly
M 2.11 6.92 146 149 203
K 1.10 471 52 100 100
Kounov
M 1.74 6.67 116 : 158 223
1993 N K 1.16 5.10 59 100 100
Mlynce
M 1.61 7.40 119 139 202
K 1.02 4.04 42 100 100
Pochvilov
M 1.25 6.61 83 123 197
o K 1.02 3.96 40 100 100
Smilovice
M 1.80 6.79 125 176 312
K 1.11 4.26 58 100 100
1994 Tuchofice
M 1.53 7.34 112 138 193
K = control, M = virus-free
vergence is indicated. Higher yield and simultaneously = CONCLUSIONS

higher content of alpha bitter acids in virus-free hops
result in substantially higher production of pure alpha
acids/hectare (by 100% and more).

Reinfection

The state of health evaluation was performed sys-
tematically at the levels in vitro, greenhouse plants,
propagation nurseries and virus-free hop gardens. No
occurrence of ApMV virus has been detected in taken
samples. Virus-free hop gardens established in the year
1991 are not meantime infected by ApMV. It can be
supposed that long-term virus-free state will be kept in
the conditions of natural infection pressure as well.

ROSTLINNA VYROBA, 43, 1997 (7): 307-314

On the basis of hop bitter acids and hop oil analyses
results can be stated that virus-free hop of Osvald’s
clone 72:

— have considerable advantages in comparison with
traditional hops all the time;

— hold typical varietal features of the Saaz semi-early
red-bine hop.

Virus-free hops have substantially higher content of
alpha bitter acids, favourable composition of hop oils
and give higher yield. Owing to growth vitality adverse
influences of weather conditions on yield and content
of brewing substances (hop oils and resins) are attenu-
ated. Planting of virus-free hops (Osvald’s clone 72)
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6. Yield evaluation
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has become an important stability factor of Czech hop
industry.
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PHENOTYPE VARIABILITY OF THE MAIN
CHARACTERISTICS OF HOP VARIETIES AS A SOURCE
FOR HOP HYBRIDISATION PROCESS

FENOTYPOVA PROMENLIVOST HLAVNICH ZNAKU ODRUD
SLEDOVANYCH JAKO GENETICKE ZDROIJE KRIZENI CHMELE

A. Rigr, F. Beranek, V. Nesvadba

Hop Research Institute, Ltd., Zatec, Czech Republic

ABSTRACT: The collection of genetic sources of the world assortment of hop varieties contains 289 genotypes, 224 of them
are of a foreign origin, they come from 23 countries. They have been cultivated and their characteristics evaluated in the field
collection inside the Hop Research Institute, Ltd., Zatec. The possibility of their utilisation as female partners for hybridisation
process is studied in dependence on hops yield and bitter acids content. Genotypes of the European origin (Perle, Spalter
Select and Hallertau Tradicion) seem to be the most suitable for breeding process of aroma hops. Females of hop varieties
Yeoman, Target, Hallertau Magnum, Galena and Chinook proved to be the most suitable ones for hybridisation process of
bitter hop varieties.

hops; breeding process; hybridisation process; choice of genotypes

ABSTRAKT: V kolekci genetickych zdroji, pfedstavované svétovym sortimentem odriid, je soustfedéno 289 genotypii
chmele, zahrani¢niho piivodu je 224 genotypli z 23 zemi. Vysdzeny a sledovany jsou v polni kolekci v aredlu pracovisté.
Podle projevu hlavnich znakl (vynos, obsah hofkych latek) je usuzovano na moZnost jejich vyuZiti jako samicich partnert
pro vychozi kiiZeni. Pro §lechténi aromatického chmele se jako vhodné sami¢i komponenty projevily genotypy evropského
pavodu (Perle, Spalter Select, Hallertau Tradicion). Pro Slechténi obsaZného chmele lze za vhodné sami¢i komponenty
povaZovat genotypy nejen evropského puvodu (Yeoman, Target, Hallertau Magnum), ale i odridy zdmoiské (Galena, Chi-

nook).

chmel; $lechténi; kfiZzeni; volba genotypl

INTRODUCTION

Development of the world hop market requires some
important changes in hop cultivation structure of hop
varieties. Together with the extensive and fast spread-
ing of more productive forms of aromatic hops, some
new bitter varieties are cultivated as well (Fric, 1996).
Besides registered varieties, some new ones are preferred
for releasing. World collection of hop varieties is a source
for the hybridisation process (Fric et al.,, 1995;
Beranek, 1996). One of the most important assump-
tions for utilisation of the above mentioned genotypes is
steadiness of demanded characteristics in local conditions.

All the legislative regulations restricting the process
of hop breeding in CR in the past were cancelled in
1995 and 1996. Good conditions for utilisation of not
only typical Czech hops but non-typical Czech aroma
varieties as well have been created. More productive
bitter hop varieties are requested and it is also one of
the very important objectives of hop breeding process
at the Hop Research Institute, Ltd., Zatec.

ROSTLINNA VYROBA, 43, 1997 (7): 315-318

MATERIAL AND METHODS

World collection of hop varieties is placed at the
Hop Research Institute, Ltd., Zatec. Spacing of 300 x
100 cm is used. One to three repetitions, each with
eight hop plants are cultivated on the total area of
1.5 ha. 289 varieties registered or cancelled from
23 countries of the origin are grown. Only 65 of them
come from CR. Steadiness of the yield together with
bitter acid content are the two most important factors
for determination of their utilisation. Yield of hops is
measured after harvest by our picking machine and it
is counted over per plant. The weight is expressed in
kilograms of fresh hops. Alpha bitter content is eva-
luated as LCV (according to the Czech state standard —
CSN 46 2520). Data are reviewed in the weight % of
dry matter.

Statistical evaluation is carried out by Adstat com-
puter program, 1.25 verse (TriloByte). The value of the
characteristic is expressed here as arithmetic mean, its
variability is expressed by standard deviation. Va-
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riation coefficients are used for comparison of the va-
riability among individual hop varieties. Medium error
together with the determination of reliability of the es-
timate is a base for calculation of conclusive evidence
of the difference among the varieties with the help of
t-test. Statistical significance ensues from the compari-
son of calculated values with the table ones. Probability
of 1% (P = 0.01) is commonly considered to be the
limit of high significance. If the limit is exceeded, the
differences found are considered to be conclusive.

Evaluation data of nine genetic sources of aroma
hops and nine of bitter hops are reviewed here for the
period 1992 to 1996. Genotypes of foreign origin pre-
vailed.

RESULTS AND DISCUSSION

The collection of genotypes concerning aroma hops
breeding is predominantly formed by continental varie-
ties. Yield up to 2 t.ha~' and alpha acids content of 7 to
8% are reached.

If the content of alpha acids is evaluated (Tabs I and
II) high rate of variability of all the studied varieties in
individual years is evident. It is commonly believed
that it is the so-called yearly phenomenon when the
yield and the content of alpha acids are strongly influ-
enced by weather conditions in individual years.

Perle, the variety with the highest content of alpha
acids (6.06%) is also the one of the most variable (V =
46.7%). It is the only genotype out of the tested collec-
tion, where the difference of a found value in compari-
son with some other ones was statistically significant.
But only 10% probability in relation to Fuggle, Haller-
tau and Hersbrucker was determined. It may be the
same for Striesselspalt variety, but these results may be
influenced by missing data from 1992. The other tested
varieties are under 10% limit of probability in relation
to the both Perle and mutually as well. The lowest
phenotype variability was determined when Spalter Se-
lect variety was studied (V = 29.07%) with the average
content of alpha acids 3.99%.

It is obvious from Tabs III and IV that Spalter Select
reaches the highest yield (3.33 kg/plant) with pheno-
type variability V = 23.12%. Low phenotype variability
is typical for Perle (V = 16.21%) with good value of
average yield. All the tested varieties with the excep-
tion of Hersbrucker are better than Striesselspalt.

If the group of aroma hops is evaluated it can be
concluded that Spalter Select and Perle are suitable va-
rieties for hybridisation process. Promising results were
obtained also when Hallertau Tradicion variety was
evaluated.

Collection of genotypes coming predominantly from
overseas ones was studied for the possibility of their
utilisation in the process of bitter hops hybridisation.

1. Evaluation of aroma genotypes according to the content of alpha acids (Zatec, 1992-1996)

i 1992 | 1993 | 1994 | 1995 | 1996 | Lol | eviuion | cootciem | emor
Perle 5.45 7.10 2.84 4.60 10.31 6.06 2.83 46.70 1.26
Hallertau Tradicion 4.48 293 2.60 4.74 5as 4.16 1.34 32.31 0.60
Spalter Select 5.06 293 272 4.06 5.20 3.99 1.16 29.07 0.52
Cascade 3.93 4.00 2.03 3.92 5.51 3.88 1.23 31.70 0.55
Willamette 273 6.10 1.62 2.03 5.00 3.50 1.96 56.00 0.86
Fuggle 4.36 373 1.35 230 5.05 3.36 1.51 45.07 0.67
Hallertau 3.08 2.83 1.38 312 4.62 3.01 115 38.20 0.51
Strisselspalt - 3.50 1.49 1.89 4.17 2.76 1.28 46.38 0.64
Hersbrucker - 3.80 0.95 1.76 3.65 2.54 141 55.51 0.71

Perle l

Hallertau Tradicion I

Perle

Hallertau Tradicion -

. Statistical conclusive evidence of the difference of alpha acids content with the help of r-test; aroma genotypes (Zatec, 1992-1996)

Spalter Select - -

Spalter Select

Cascade =5 = =

Cascade |

Willamette - - - -

Willamette I

Fuggle

‘| P=o0.1 - - -

- Fuggle I

Hallertau

Hallertau l

Strisselspalt - - 1 —

Strisselspalt

Hersbrucker

3 : z i
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I1I. Evaluation of aroma genotypes according to the yield of hops (Zatec, 1992-1996)

Variety 1992 | 1993 1994 | 1995 g | M | S, | Yarston | Aveee

Spalter Select 2.01 393 3.36 3.58 3.79 3.33 0.77 23.12 034

Hallertau Tradicion 1.36 295 334 3.15 5.04 3.17 1.31 41.32 0.58

Willamette 2.00 3.84 2.87 3.07 328 3.01 0.67 2225 0.30

Perle 272 3.50 2.55 2.44 3.31 290 0.47 16.21 0.21

Cascade 1.50 2.84 241 3.63 4.08 2.89 1.02 35.29 0.46

Hallertau 2.46 3.18 2.719 1.90 3.24 271 0.55 20.30 0.20

Fuggle 1.91 2.80 2.56 2.39 3,12 2.56 0.45 17.58 0.20

Hersbrucker 1.48 1.88 297 243 3.03 2.36 0.68 28.39 0.30

Strisselspalt 1.45 0.96 1.66 0.95 2.09 1.42 0.48 33.80 0.21
1V. Statistical conclusive evidence of the yield difference with the help of r-test; aroma genotypes (Zatec, 1992-1996)

Spalter Select Spalter Select I

Hallertau Tradicion = Hallertau Tradicion I

Willamette - - Willamette I

Perle - - - Perle I

Cascade = = - = Cascade I

Hallertau - - - - - Hallertau I

Fuggle P=0.1 - - - - Fuggle I

Hersbrucker P=0.1 - - - - - Hersbrucker

Strisselspalt P=001 [ P=005 | P=0.01 | P=001 [ P=0.01 | P=0.01 | P=0.05 - l X
V. Evaluation of bitter genotypes according to the content of alpha acid (Zatec, 1992-1996)

Variety 1992 | 1993 | 1994 | 1995 | 1996 | Mean | Swndard ) Vadlation | Average

Hallertau Magnum 11.03 6.27 6.20 11.78 12.37 9.53 3.05 32.00 1.36

Yeoman 10.30 9.56 773 7.76 11.68 9.41 1.70 18.07 0.76

Chinook 7.64 6.93 8.43 542 9.50 7.58 1.54 20.32 0.69

Target 8.36 10.20 352 7.18 8.34 71.52 2.48 32.98 1.3

Galena 9.12 i3 6.48 6.60 8.16 7.50 1.12 14.93 0.50

Nugget 7.01 7.46 6.62 6.54 8.03 7.13 0.62 8.70 0.28

Northern Brewer 5.77 6.06 2.81 4.60. 8.90 5.63 223 39.61 1.00

Brewers Gold 5.98 9.10 3.11 4.74 5.11 5.61 2.21 39.39 0.99

Late Cluster 273 240 3.11 3.24 5.40 3.38 1.18 3491 0.53

VI. Statistical conclusive evidence of the difference of alpha acids content with the help of t-test; bitter genotypes (Zatec, 1992-1996)

Hallertau Magnum

Hallertau Magnum I

Yeoman - Yeoman I

Chinook S = Chinook |

Target - - - Target I

Galena - P=0i1 - - Galena I

Nugget - P =0.05 - - - Nugget I

Northern Brewer P=005 | P=0.05 - - - Northern Brewer I

Brewers Gold P=005 | P=005 - - - - Brewers Gold

Cluster P =0.01 P =0.01 P =0.01 P =0.01 P =001 P =001 P=0.1 P=0.1 I X
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VIL. Evaluation of bitter genotypes according to the yield of hops (Zatec, 1992-1996)

Variety 195 ieue, Winde 99801 mps i) ypae|) ASSN.() Shedus, | Weoatioo | A

Galena 2.58 593 5.12 3.78 3.78 4.24 1.30 30.66 0.58

Target 3.08 4.58 341 4.43 4.80 4.06 0.76 18.72 0.34

Nugget 235 4.86 3.94 3.08 5.07 3.86 1.16 30.05 0.52

Late Cluster 1.48 4.64 3.90 3.30 4.54 3.57 1.29 36.13 0.58

Brewers Gold 3.17 4.04 3.66 3.26 3.52 3.53 0.35 9.92 0.16

Hallertau Magnum 1.94 3.08 3.85 3.61 4.53 3.40 0.97 28.53 0.43

Yeoman 3.03 3.48 3.50 3.50 3.40 3.38 0.20 5.92 0.09

Chinook 2.65 4.96 4.18 2.56 2.45 3.36 1.14 33.93 0.51

Northern Brewer 2.34 3.18 2.56 2.74 295 2.75 0.33 12.00 0.15
VIIL Statistical conclusive evidence of the yield difference with the help of r-test; bitter genotypes (Zatec, 1992-1996)

Galena Galena |

Target - Target I :

Nugget - - Nugget I

Late Cluster - - - Late Cluster I

Brewers Gold - - - - Brewers Gold I

Hallertau Magnum - - - - - Hallertau Magnum I

Yeoman - - - - - - Yeoman I

Chinook - - - - - - - Chinook

Northern Brewer P=005 | P=001 | P=0.1 - P =001 - P =0.01 - [ X

Higher yields than 2 tha™! and content of alpha acids
higher than 10% were obtained. Similar dependence as
in the case of aroma hops (Tabs V and VI) is evident.
The most productive variety Hallertau Magnum with
the average alpha acid content of 9.53% is also accom-
panied by higher phenotype variability (V = 32.0%).
On the other hand, Yeoman variety has not only high
content of alpha acids (9.41%) but low variant coeffi-
cient (V = 18.07%) and conclusivity of the difference
to nearly all the tested varieties as well.

It is obvious from Tabs VII and VIII that Galena
variety has the high yield (4.24 kg/plant) but also
higher variability (V = 30.66%). On the other hand,
Target variety has slightly lower yield in comparison
with Galena, but lower phenotype variability (V =
18.72%). Northern Brewer has also lower phenotype
variability but statistical evidence of the yield differ-
ence in comparison with other tested varieties is statis-
tically significant. The harvest data concerning Haller-
tau Magnum were unfortunately influenced by missing
1992 results.

Yeoman and Target seem to be the most suitable
varieties for the process of hybridisation of bitter va-
rieties. Hallertau Magnum, Chinook and Galena may
be used in this process as well.
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EVALUATION OF IMPORTANT CHARACTERISTICS
OF SELECTED VARIETIES OF THE WORLD HOP
COLLECTION

HODNOCENI VYZNAMNYCH ZNAKU A VLASTNOSTI VYBRANEHO
SOUBORU ODRUD SVETOVEHO SORTIMENTU CHMELE

A. Rigr, V. Nesvadba, F. Beranek

Hop Research Institute, Ltd., Zatec, Czech Republic

ABSTRACT: The importance of collecting, evaluating and keeping genetic sources is generally acknowledged. The world
collection of hop varieties kept in Hop Research Institute in Zatec is a part of hop genofond. It comprises 289 varieties from
all the world. Evaluation of selected set of 20 genotypes in 1992 to 1996 proved the important differences in dependence on
the characteristic of hop varieties. Those with the highest productivity content of alpha acids (Hallertau Magnum, Yeoman,
Galena) usually have a high yield of hops or high content of alpha acids in dry-matter. The lowest rate of variability of these
characteristics accompanied by a favourable structure or hop resins was found out in the Yeoman variety. A lack of farnesene
and later maturation are the common characteristics of the most productive genotypes. Lower productivity was confirmed
together with a favourable structure of bitter acids if aroma and fine-aroma hops were studied. The time of maturation is
a common feature which can be characterised as semi-early to semi-late. Another important characteristic is the structure of
essential oils, predominantly of farnesene.

hops; breeding process; genofond; world collection of hop varieties; evaluation of characteristics

ABSTRAKT: Vyznam soustfedovini, hodnoceni a uchovéni genetickych zdroji je vieobecn& uznavéan. Soudasti genofondu
chmele na pracovisti v Zatci je kolekce svétového sortimentu odriid o rozsahu 289 genotypi. Hodnoceni vybraného souboru
20 genotypt v letech 1992 aZ 1996 ukazalo vyznamné rozdily v zivislosti na hospodéiské charakteristice odriid. Odridy
s nejvy3ssi produkei alfa hotkych kyselin (Hallertau Magnum, Yeoman, Galena) se vyznacuji vysokym vynosem nebo obsahem
alfa hotkych kyselin v su$iné. NejniZ$i mira proménlivosti téchto znaki, doprovazena pfiznivou skladbou chmelovych prys-
kyfic, byla zji§t€na u odridy Yeoman. Spoleénym znakem nevykonnéj$ich genotypt je nedostatek slozky chmelovych silic
farnesenu a pozdnéjsi doba vyzrani. Genotypy aromatického chmele v&etné jemné aromatického potvrdily niZsi vykonnost
pfi vhodné skladbé hotkych latek. Spoleénym znakem je doba zrani, charakterizovana jako polorani aZ polopozdni, a zastou-
peni slozky chmelovych silic farnesenu.

chmel; $lechténi; genofond; svétovy sortiment chmelovych odrid; hodnoceni znaku

INTRODUCTION

The problem of plant genofond is so important phe-
nomenon that it has become the subject of international
agreements. Continuous decrease of intra-species vari-
ability of plants under the influence of a man has pro-
voked the necessity of the preservation of their different
forms. Collection of genetic sources arose from the both
wild and breed forms. Assortments of world plant varie-
ties create an important part of genotype collections.

The beginnings of collecting and study of hop ge-
netic sources are connected with a research activity
carrying out at an experimental station which used to
be at DeStnice, near a district town Rakovnik (approxi-
mately 30 km from Zatec). In 1931 36 hop genotypes

ROSTLINNA VYROBA, 43, 1997 (7): 319-324

from six countries were imported and our world collec-
tion was established in this way. In the 1950s it was
moved to Zatec. The origin mutual structure of domes-
tic and foreign genotypes has been changed. Varieties
exported from the world, different from traditional
fine-aroma hops, are dominant at present.

Change in the structure of our collection is con-
nected also with the necessity to ensure productive pa-
rental material for continuously developing methods of
hybridisation (Berdnek, 1995). All the forms of hop
varieties known in the world hop market are demanded
(Barth, 1995). Prevailing share of Czech tradition
hops, represented by more productive virus-free forms,
is still a typical feature of Czech hop cultivation
(Fric, 1996).
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MATERIAL AND METHODS

Hop genofond represented by the world collection
of hop varieties contains 289 genotypes from 23 coun-
tries. The share of foreign varieties amounts to
224 genotypes.

The whole area of the collection (1.5 ha) is divided
into two parts. The first part serves for long preserva-
tion and the second one for mutual comparison. One to
three repetitions are used for each variety. One repeti-
tion comprises eight plants. Common cultivation opera-
tions are carried out during the vegetation period, hop
plants are harvested individually in dependence on their
maturation.

Evaluation of genotype characteristics was carried
out by a branch Hop classificator (Srp et al., 1978).
The yield was found out during harvest by picking ma-
chine and expressed in kg of fresh hops per plant. Lead
conductance value served as a method for bitter acids
analysis, which are expressed in percent of dry matter.
Detailed analyses of hop resins were carried out by
HPLC (EBC 7.4.1) and essential oils by gas chroma-
tography (CSN 46 2520).

Classic common elements of statistic characteristic
(mean value, disperse, variation coefficient) are used

for evaluation of observed features. A computer pro-
gram Adstat, verse 1.25 (TriloByte, Pardubice) serves
for statistic data processing. The collection of 20 geno-
types of the most cultivated hop varieties is studied.
The values found out in the period 1992 to 1996 at
a location in Zatec are included.

RESULTS AND DISCUSSION

Individual varieties are deeply different if we take
into account the results obtained. Relevance to an indi-
vidual hop type was unambiguously demonstrated.

It is obvious from the results showed in Tab. I that
Galena variety is the most productive (4.24 kg/plant).
Its phenotypic variability is on average (V = 30.66%).
Another bitter variety Target is also a productive one
(4.06 kg/plant) with a lower phenotype variability (V =
18.72%). Low that means suitable phenotype variabil-
ity values were determined atso in the case of Yeoman
¢V = 5.92%) and Brewers Gold (V = 9.92%) varieties.
Their yields are, however, lower on average by 20%.
The average yield of aroma varieties is between 2.5 and
3 kg/plant with the average phenotype variability be-
tween 15 and 35%. In the comparison with the geno-

I. Productive characteristics (hop yield, content and productivity of alpha acids) in the studied genotypes (Zatec, 1992-1996)

varey Ty Country Yield (kg.plant™') Content of alpha acids (%) P“;g?::?;gfﬂﬂghu

of hops | of origin PER: dispersion| variation T, disp variation ANy, variation

coefficient coefficient coefficient
Chinook VHC USA 3.36 1.30 33.93 7.58 237 20.32 188 36.31
Galena VHC 4.24 1.69 30.66 7.50 1.25 14.93 229 2420
Nugget VHC 3.86 1.35 30.05 7.13 0.38 8.70 207 37.16
Willamette A 3.01 0.45 2225 3.50 3.84 56.00 64 56.46
Fuggle A England 2.56 0.20 17.58 3.36 228 45.07 61 60.92
Golding A 2.50 0.77 35.20 2.89 1.12 36.64 56 58.19
Brewers Gold HC 353 0.12 9.92 5.61 4.88 39.39 130 26.85
Northern Brewer HC 275 0.11 12.00 5.63 497 39.61 137 68.52
Target VHC 4.06 0.58 18.72 7.52 6.15 32.98 212 37.02
Yeoman VHC 3.38 0.04 5.92 9.41 2.89 18.07 235 16.48
Hallertau Tradicion | A Germany 3.17 1.72 41.32 4.16 1.80 3231 107 58.47
Hallertau Magnum | VHC 3.40 0.94 28.53 9.53 9.30 32.00 242 49.09
Hersbrucker A 2.36 0.46 28.39 2.54 1.99 55.51 47 57.41
Perle A 290 0.22 16.21 6.06 8.01 46.70 130 59.45
Spalter Select A 3.33 0.5% 23.12 399 135 29.07 96 3271
Tettnang FA 1.13 0.37 53.98 3.01 2.51 52.63 29 88.21
Aurora HC Slovenia 3.02 1.17 35.77 6.98 353 26.92 150 43.89
Savinski Golding A 1.88 0.30 15.89 3.02 2.99 57.21 50 91.91
Vojvodina HC Yugoslavia| 3.32 1.24 33.58 3.64 1.75 36.38 90 59.78
Osvald’s clone 72 FA CR 1.57 0.15 24.86 3.00 0.93 3222 36 49.36

Type of hops:
VHC - very high content of bitter acids

HC - high content of bitter acids
A - aroma hops

FA - fine aroma hops
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type of fine aroma hops (Osvald’s clone 72) are all the
tested varieties with the exception of Tettnang better
from the point of view of their productivity. Aroma
varieties reach a higher yield by 50 to 100% and bitter
varieties have the yield up to 165% higher (Galena)
than the common aroma variety Osvald’s clone 72. The
highest content of alpha acids was observed in Haller-
tau Magnum variety (9.53%) and Yeoman (9.41%).
A good feature in the case of Yeoman variety is its low
phenotype variability (V = 18.07%). Only Galena and
Nugget have lower values of phenotype variability if it is
expressed by variation coefficient. Aroma varieties, in-
cluding fine aroma-genotypes, can be characterised by the
values in the range 2.5 to 3.5 alpha acids with a wide
range of variation coefficient values (V = 30 to 55%).

The important characteristic during the process of
genotype evaluation is the calculation of alpha acids in
kg/ha (Fig. 1). The most productive genotypes (Haller-
tau Magnum, Yeoman, Galena) have 4 to 5 times
higher yield of alpha acids per hectare in comparison
with aroma varieties. Even 7 times higher yield of al-
pha acids per hectare was reached in comparison with
fine aroma varieties.

The whole genofond had been biochemically eva-
luated particularly concerning the content and structure
of resins and essential oils since 1995 (Tab. II). As the
average data are only short-term, they cannot be used
as the final ones.

The results concerning hop resins, particularly alpha
acids, can be compared with the data obtained by LCV
method. In spite of the fact that different data were
obtained, we can state that they are in harmony. The
highest value was found out if Hallertau Magnum va-
riety was tested (13.93% of alpha acids). The other four
genotypes (Yeoman, Galena, Target and Nugget) had
their content of alpha acids by 20% lower, but they are
on the level of 10% of alpha acids content. Only 3 to
4.5% were obtained when we tested aroma varieties.

The resin of cohumulone on the level under 25% rel.
is being appreciated. Fine aroma hops Osvald’s clone
72 and Tettnag reach the values which are the closest
to this level (26.5% rel). As an important phenomenon
it is possible to consider cohumulone determination in
the varieties with high production of alpha acids (Haller-
tau Magnum — 29.3% rel. and Yeoman — 29.55% rel.).

Myrcene is generally considered to be an undesir-
able component within essential oil content because of
its bad influence on hop aroma. Myrcene content under
40% rel. is appreciated. None of the studied genotypes
had the value under this level. Particularly aroma hops
reached the level in the range between 40 to 50% rel.
Relatively low share of myrcene in bitter hops (Yeo-
man — 47.7% rel. and Nugget — 47.25% rel.) can be
considered as important. The lowest values (41 to 42%
rel.) were determined in the varieties Osvald’s clone 72
and Tettnang.
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II. Content and structure of alpha acids (Zatec, 1995-1996)

Hop resins Hop essential oils
Variety Type Country of e o .
of hops origin alpha beta [ p weight myrcene caryophyllene |  humulene farnesene
(% wiw) (% wiw) (% rel.) (% rel.) (g.100 g™) (% rel.) (% rel.) (% rel.) (% rel.)

Chinook VHC USA 8.62 4.10 33.10 51.30 1.40 47.10 7.08 12.76 0.34
Galena VHC 10.50 8.17 35.90 57.70 1.05 51.20 6.11 17.98 0.35
Nugget VHC 9.45 4.13 35.80 49.35 0.82 47.25 10.62 26.35 0.64
Willamette A 3.38 2.95 36.65 53.80 1.80 47.20 12.80 34.60 7.01
Fuggle A England 4.21 3.08 32.50 50.65 1.43 48.25 8.28 25.05 5.00
Golding A 323 2.47 32.35 50.15 1.05 43.25 10.89 24.55 3.68
Brewers Gold HC 5.76 3.66 4330 66.00 ) 56.10 9.18 17.42 0.17
Northern Brewer HC 7.06 4.28 29.85 50.60 1.93 53.05 9.04 22.85 0.46
Target VHC 10.22 5.18 36.30 58.45 1.01 56.80 6.65 14.50 0.16
Yeoman VHC 10.93 4.78 29.55 47.95 1.61 47.70 9.10 23.05 0.23
Halllertau Tradicion A Germany 572 4.36 27.05 47.25 1.50 57.50 5.61 17.70 4.54
Hallertau Magnum VHC 13.93 6.65 29.30 4420 1.15 60.55 5.70 19.55 0.12
Hersbrucker A 2.89 2.59 30.75 44.65 0.87 44.85 9.65 26.80 5.08
Perle A 6.33 3.45 30.90 51.90 1.03 46.35 11.46 31.55 0.19
Spalter Select A 4.89 4.31 28.20 43.35 1.06 50.90 3.81 9.65 13.30
Tettnang FA 3.01 4.11 26.85 42.65 1.20 42.40 6.20 19.65 13.35
Aurora HC Slovenia 8.45 4.04 34.40 51.45 1.44 53.80 494 15.80 5.81
Savinski Golding A 3.70 3.47 30.50 50.90 1.35 59.20 6.31 21.30 4.16
Vojvodina HC Yugoslavia 4.40 2.40 29.45 57.00 0.67 48.30 10.13 30.55 1.15
Osvald’s clone 72 FA CR 3.55 4.29 26.50 4275 1.10 41.40 5.76 20.60 14.05




Content of farnesene in hop essential oil structure is
a typical characteristics in aroma genotypes. Its highest
share (13 to 14% rel.) was determined in fine aroma
hops. Bitter genotypes show farnesene content approxi-
mately 0.5% rel.

The chosen morphological and biological features
(Tab. III) complete the genotype characteristic. They were
followed for the period of 3 to 5 years and no expressive
deviations from the origin characteristic were found out.

It ensues from the determined data that productive
genotypes of bitter hops within the studied collection
are usually of more vigorous growth and wide cylindri-
cal shape of hop plants. Thickness of the vine is more
than 10 mm, fertile laterals are in a smaller distance
from the earth and their length exceeded 100 cm. Cones
are predominantly of long oval shape, more scarce and
of semi-late maturation.

Genotypes of less productive aroma hops have cy-
lindrical or wide cylindrical shape. Thickness of the
vine does not exceed 10 mm, fertile laterals are in

higher plant levels and their length is as a rule around
100 cm. Cones are usually of oval or long oval shape,
medium dense or dense. Their maturation is semi-early
or semi-late.

The evaluation data of a selected collection of deci-
sive genotypes in agro-ecological conditions of CR
document high yield-level and alpha acids content of
bitter hops. The most productive are particularly hop
varieties coming from the USA, England and Germany.
However, their productive abilities are accompanied by
the structure of bitter components which cannot be con-
sidered to be suitable ones.

Good productive level of alpha acids together with
their corresponding structure show aroma genotypes.
They are represented particularly by varieties of the
European origin. Of this group, the genotypes of very
fine aromatic hops are represented by Osvald’s clone
72 and Tettnang varieties. Lower productive value un-
der a favourably evaluated structure of bitter com-
pounds has been proved.

I1I. Morphological and biological characteristics (Zatec, 1992-1996)

Sha Thickness Coloir Distance of laterals Length Densit Sha
Variety pe of vine 2 from earth of laterals Y pe Maturity
of plant of vine of cones | of cones
(mm) (cm) (cm)
Chinook CL 14 VR 200 120 S LO L
Galena CL 11 R 100 100 S LO SL
Nugget CL 11 G 190 110 S LO SL
Willamette BC-CL 10 G 176 110 D O SL
Fuggle BC 7 RG 154 100 D (o} SL
Golding (& 10 RG 132 100 VD LO SL
Brewers Gold BC 10 RG 170 120 VD (¢} L
Northern Brewer co 11 R 50 80 S LO SE
Target Cco 10 82 70 M LO SE
Yeoman CL 9 R 80 80 S LO SE
Hallertau Tradicion € 8 RG 100 80 M LO SL
Hallertau Magnum C 9 G 140 80 S LO SL
Hersbrucker BC 10 RG 168 100 VD (0] SL
Perle BC 9 G 106 120 M LO SL
Spalter Select C 10 R 150. 100 M N VL
Tettnang BC 8 R 200 110 S (o} SE-SL
Aurora co 9 RG 100 90 M LO SL
Savinski Golding BC 10 RG 104 90 VD LO SL
Vojvodina BC 8 v 152 110 D LO SL-L
Osvald’s clone 72 C 7 RG 170 80 M (0] SE
Shape of plant: C - cylindrical Maturity: SE - semi-early
BC - broad cylindrical SL - semi-late
CL - clubbed L - late
CO - conic VL - very late
Density of cones: S - scarce Colour of vine: G - green
M - medium RG - red and green
D - dense R —red
VD - very dense VR - violet and red
Shape of cones: LO - long-oval V - violet
O -oval
S - square
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Brewing industry demand all the types of hop varie-
ties from the both economical and technological point
of view. It is certain that also in CR aroma and bitter
varieties will find their utilisation.
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IDENTIFICATION OF GENOTYPES IN HOP (HUMULUS
LUPULUS L.) BY RAPD ANALYSIS USING PROGRAM GEL
MANAGER FOR WINDOWS

IDENTIFIKACE GENOTYPU CHMELE OTACIVEHO (HUMULUS
LUPULUS L.) POMOCI DNA ANALYZY METODOU RAPD S VYUZITIM
PROGRAMU GEL MANAGER FOR WINDOWS

P. Vejl

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: DNA was isolated from the collection of 15 hop varieties. Variability among genotypes was detected by RAPD
method (Random Amplified Polymorphic DNA). Set of the 6 primers with the lengths of 8 bp, 10 bp and 13 bp was verified
for the amplification. Primer P2 5’ACTTCGCCACGTA3’ giving RAPD genotype specific markers with minimal frequency
of unspecific amplifications was selected. This marker enabled to identify 15 hop genotypes. RAPD markers were separated
on vertical polyacrylamide electrophoresis and visualised by means of Ag* ions, Electrophoreograms were evaluated densi-
tometrically after the digitalization, using Gel Manager for Windows program. Genetic similarity among individual genotypes
was expressed in the values of Pearson’s correlation coefficient, which enabled the creation of dendrogram.

hop; Humulus lupulus L.; DNA; RAPD; PCR; fingerprinting

ABSTRAKT: Ze souboru 15 odrid chmele otd¢ivého byla izolovana DNA. Pfehled vyt&€Znosti DNA z riznych genotypl
chmele je uveden na obr. 1. Variabilita mezi genotypy byla detekovina metodou RAPD (Random Amplified Polymorphic
DNA - ndhodnd amplifikace polymorfni DNA). Pro amplifikaci byla ovéfovéna sada 6 primert s délkami 13 bp, 10 bp a 8 bp.
Byl vybrin primer P2 5’ACTTCGCCACGTA3’ poskytujici RAPD genotypové specifické markery s minimélni frekvenci
ndhodnych amplifikaci. Pomoci tohoto markeru bylo rozliSeno vSech 15 genotypu chmele. RAPD markery byly separovany
na vertikdlni polyakrylamidové elektroforéze a vizualizovany pomoci Ag" iont. Elektroforeogram je uveden na obr. 2.
Elektroforeogramy byly po digitalizaci denzitometricky vyhodnoceny programem Gel Manger for Windows. Genetickd po-
dobnost mezi jednotlivymi genotypy byla vyjaddfena hodnotami Pearsonova korelaéniho koeficientu. Pfehled korela¢nich
koeficientt je uveden v tab. III. Na zakladé korelacnich koeficientii byla provedena dendrogramova studie, kterd je uvedena
na obr. 3.

chmel; Humulus lupulus L.; DNA; RAPD; PCR; fingerprinﬁng

INTRODUCTION

The introduction of RAPD (Random Amplified Po-
lymorphic DNA) enables an objective determination of
varietal purity and authenticity. The temporary world
trend in propagation and restoring the hop root stock
material by means of in vitro techniques, represents
a further actual area in RAPD varietal markering. Mor-
phological differentiation of hop cultivars in vitro cul-
tures is quite impossible.

Biochemical and genetical determination of cultivar
fingerprinting is realised by the methods using poly-
morphism of reserve proteins, isoenzymes and DNA.
Vejl, Cerny (1994) were engaged in problems of
total proteins as hop genetic markers. They charac-
terised in vitro mericlones by the spectrum of electro-
phoretically separated proteins.
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Technique of cultivar fingerprinting using DNA
polymorphism can be characterized by higher objectiv-
ity, accuracy and reliability. RFLP (Restriction Frag-
ment Length Polymorphism) belongs to historically
older methods. General knowledge of RFLP is summa-
rized by Botstein et al. (1980). Pillay,
Kenny (1994) used RFLP for the determination of
the differences in hop cultivars.

PCR (Polymerase Chain Reaction) and RAPD are
included in other markering technologies. Both tech-
nologies use polymorphism of in vitro amplified DNA,
as a product of enzymatic reaction Tag polymerase or
Tbr polymerase. The general course of the polymerase
chain reaction is described for example by Chein et
al. (1976), Williams et al. (1990), Sambrook
et al. (1989) and Innis, Gelfand (1990). Sa-
mec (1993) described optimal composition and tem-
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perature profiles of RAPD reaction in this way: denatu-
ration of template at 90 to 95 °C, annealing of primers
at 35 to 40 °C and the extention phase at 72 °C.
Jak3¥e etal. (1994) described the use of RAPD mark-
ers for distinguishing of 12 Slovenien hop cultivars. He
also characterized a set of hop clones by means of am-
plified microsatellite DNA. MatouSek, Trnéna
(1996) used polymorphism of genes for 7SL RNA for
the identification of hop genotypes. Pillay, Ken-
ny (1994) studied the hop RAPD marker segregation
in F| generation.

Electrophoretic separation of amplified DNA is ne-
cessary for the visualization of RAPD varietal markers
polymorphism. Staining of RAPD markers at the sepa-
ration with horizontal electrophoresis with agarose gel,
by means of ethidium bromide described Williams
et al. (1990). This course for the RAPD markers in hop
used JakSe etal. (1994), Brady et al. (1996) and
Pillay, Kenny (1994). Caetano-Anollés,
Gresshoff (1994), Vejl (1995) and Vejl,
Salava (1995) described the use of vertical electro-
phoresis with polyacrylamide gel carrier and the fol-
lowing staining by Ag* ions.

For the characterization of electrophoreograms it is
possible to use REM values (Relative Electrophoretic
Mobility). Vejl, Cerny (1994) characterized fin-
gerprints of hop mericlones by this method. Densi-
tometric characterising of electrophoreograms using
computer analysis of the picture by Gel Manager for
Windows program was described by Curn et al.
(1995), Vejl (1995)and Vejl, Salava (1995)in
different botanical taxons.

MATERIAL AND METHODS
Plant material

Collection of 15 genotypes (Humulus lupulus L.),
grown in the hop garden on the experimental field of
the Czech University of Agriculture in Prague, was
used. The summary of analysed genotypes is shown in
Tab. I.

For the DNA isolation young leaves were used, sam-
pled in the second decade of May, from the near to the
apex.

DNA isolation

The sampled leaf blades were transferred into sterile
polypropylene centrifuge tubes and were fixed by over-
laying them by liquid nitrogen. The fixed material was
used in the presence of cetyltrimethyl ammonium bro-
mide (CTAB) Murray, Thompson, 1980; Sa-
hai-Maroof, 1988 —in Tempus, 1993).

Fixed material was mechanically homogenized in
the presence of liquid nitrogen and subsequently incu-
bated with 300 pl of extraction buffer (2% CTAB,
0.1M Tris pH = 8, 20mM EDTA, 1.4M NaCl, 2% mer-
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captoethanol), for 120 minutes in temperate water bath
TE8J (Techne, Great Britain) at 60 °C. Subsequently
the extraction mixture was complemented by 3000 pl
of chloroform-isoamylalcohol (1 : 1) and carefully ver-
tically mixed for 10 minutes. Then the mixture was
centrifuged (5000 rpm, 10 minutes, 5 °C) in a table
centrifuge Hettich Universal 30RF (Germany). Super-
natant was transferred into a sterile polypropylene
tubes and carefully mixed with equivalent volume of
isopropanol. Precipitation of nucleic acids was realized
at =40 °C for 12 hours. Precipitate of nucleic acid-
-CTAB was obtained by the centrifugation (5000 rpm,
10 minutes, 5 °C). The precipitate was rinsed with 80%
ethanol with 0.01M Tris pH = 8 and 0.01M LiCl and
subsequently vacuum dried (Chris Alpha 1-4, Ger-
many). Complex of CTAB nucleic acid was diluted in
1000 pl 1 x TE. After adding RN-ase A (100 pg.
.1000 ul"l), the solution was incubated in water bath at
37 °C for 30 minutes. The solution was shaken with
equivalent volume of phenol-chloroform (1 : 1) and
vertically mixed for 10 minutes. Water phase was trans-
ferred (after centrifugation 3000 rpm, 10 minutes, 5 °C)
into a new tube, where the double volume of 70% etha-
nol and 0.1 volume 3M natrium acetate, was added to
the solution. The solution was subsequently centrifuged
(5000 rpm, 10 minutes, 5 °C). After the supernatant
removal, the sedimentated DNA was rinsed with 70%
ethanol, vacuum dried and dissolved in 50 pl 1 x TE.
Isolated DNA was UV-spectrophotometrically quanti-
fied (Gene Quant, Pharmacia, Great Britain) and di-
luted to the constant concentration (0.2 ug.ul'l).

Amplification of DNA

RAPD method was used for the identification of
genotypes. The reaction mixture (20 pl) contained:
0.6 U of thermostable polymerase Thermalase Thr
(Amresco, USA), 0.24 pg of template DNA, 10 mM of
primer (Amresco, USA) and 200 pdNTP (Amresco,
USA). The reaction mixture was overlayered by 30 pl
PCR oil. Appropriate proteinases in template DNA
were heat-inactivated (94 °C, 2 minutes).

These primers were used for the amplification:
P1 5’GCGAAGCGAGCTG3’
P2 5’ACTTCGCCACGTA3’
P3 5’GGTTACCACA3’
P4 5’ACTACGAACG3’
P5 5’ACGTCTGA3’
P6 5’CCTAGGCA3Z’

Thermocycler Cyclogen (Techne, Great Britain)
with thermal and time profile, shown in Tab. II, was
used.

Products of amplification were purified with phenol-
-chloroform (1 : 1) shaken up (10 minutes). After the
following centrifugation (5000 rpm, 5 minutes, 5 °C)
the water phase was transferred and was used for elec-
trophoretic separation. The products of amplification
were stored at —40 °C.
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I. Designation and description of analysed genotypes

No. Cultivar Country of origin Description

1 semiearly Zatec red bine hop — clone Blato Czech Republic fine aromatic hop, red bine

2 semiearly Zatec red bine hop — Osvald’s clone No. 31 Czech Republic fine aromatic hop, red bine

3 semiearly Zatec red bine hop — Osvald’s clone No. 72 Czech Republic fine aromatic hop, red bine

4 semiearly Zatec red bine hop — Osvald’s clone No. 114 Czech Republic fine aromatic hop, red bine

5 semiearly Zatec red bine hop — clone Aromat Czech Republic fine aromatic hop, red bine

6 semiearly Zatec red bine hop — clone Sifem Czech Republic fine aromatic hop, red bine

7 semiearly Zatec red bine hop — clone Zlatan Czech Republic fine aromatic hop, red bine

8 semiearly Zatec red bine hop - clone Universal Czech Republic fine aromatic hop, red bine

9 Bor Czech Republic fully aromatic hop, red-violet bine
10 Sladek Czech Republic aromatic hop, green bine
11 Northern Brewer Great Britain fully aromatic hop, red-green bine
12 Vojvodina Yugoslavia fully aromatic hop, violet bine
13 Comet USA fully aromatic hop, green-red bine
14 Spalt Germany aromatic hop, red bine
15 Tettnang Germany aromatic hop, red bine

II. Temperature and time profile of RAPD reaction

Program PCR phase Ratio of tc(rygir—alt)urc change Temg,eé;nurc T(i:;e
denaturation 1 94 180
A: 1 cycle annealing 1 39.5 100
extention 1 72 120
denaturation 1 94 60
B: 40 cycles annealing 1 39.5 100
extention 1 72 120
C: 1 cycle extention 1 72 600

Electrophoresis of RAPD markers

For the electrophoretic separation, vertical electro-
phoresis Mini Protean (Bio Rad, USA) was used. The
separation was performed on 5% polyacrylamide gel
with the ratio of acrylamide to N,N’-methylenbisacryl-
amide 1 : 1 in 1 x TBE buffer. Solution of 5 RAPD
product, 5 pl of loading buffer (Sambrook et al,,
1989) and 5 pl of deionized H,O was used for the
separation. The separation passed of at the following
parameters: constant 40 V, 15 minutes, following con-
stant 60 V, 100 minutes. Molecular weight of amplified
fragments was characterized by means of contemporary
separated standard Lambda DNA/Eco 417(Avall)
(MBI Fermentas, Latvia).

Separated fragments were fixed on the gel carrier by
10 minutes incubation in 10% ethanol with 5%
CH;COOH. Subsequently the gels were saturated by
water solution of 0.1% K,Cr,0; with 3.75.1073%
HNOj for 5 minutes. After rinsing in deionized H,O
the gels were developed in 2.5% water solution of wa-
terless Na,CO5 with 0.05% formaldehyde. The devel-
oping reaction was finished by 5 minutes gel incuba-
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tion in 5% CH3;COOH. After rinsing in deionized H,0,
the gels were saturated with 5% solution of glycerol
(60 minutes) and subsequently dried out.

Evaluation of electrophoreograms by computing
picture analysis

Electrophoreograms were digitalized by means of
table scanner (Tamarac Art Scan 12000C, Holland) and
after the enlargement correction, contrast and back-
ground by I Photo Plus version 1.1 program were
stored in the form ".TIF files. Gel Manager for Win-
dows (Biosystematika, Great Britain) was used for
computer picture analysis. Labelling of profiles of in-
dividual RAPD markers, segment and background cor-
rection was realized. For the subsequent statistical
evaluation of densitometric profiles, the typical poly-
morphic bands were selected, not influenced by an ac-
cidental amplification. Selection of individual profiles
and polymorphic bands was realized in the program.
Genetical distances or similarities among individual
genotypes were determined on the basis of Pearson’s

327



correlation coefficient comparing the position and den-
sity of bands (Gel Manager for Windows, 1994).
Pearson’s correlation coefficient:

i Z (Y=Y - Vi = Yiew)]
V=" (V= Y - [V~ Y )]

where: r - correlation coefficient
n - number of profiles
i - index®of the first profile
Jj - index of the second profile
Y - absorbance value

Yav — mean absorbance value

RESULTS
DNA isolation

DNA was isolated from the all analysed hop geno-
types by means of the method described previously

ranged from 0.5 to 1.2 pg DNA‘g‘l fresh leaf mass.
The yield survey is presented in Fig. 1.

DNA yields from hop leaves

ugDNA.g" of fresh
leaf mass

Genotype

1. Graphic survey of DNA yields from hop leaves; for genotype
description (No. 1 to 15) see Tab. I

DNA amplification

All of the 6 tested primers yielded products of am-
plification. Primers P5 and P6 (8 nucleotides) gave
products with a high number of bands with high fre-
quency of unspecified amplifications. Unspecified am-
plifications originated even by the use of ten nucleotide
primers (P3, P4). Primer P1 showed the specificity only
for minimal number of genotypes.

Products originating by the use of P2 primer
(5’ACTTCGCCACGTA3’) showed minimal unspeci-
fic amplifications and high polymorphism of RAPD
markers.

Electrophoretic separation of RAPD markers

The method of vertical electrophoresis with the
staining by means of Ag' ions showed an excellent
ability of amplified DNA separation. The above-men-
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tioned method of gel staining enabled obtaining and
following evaluation by densitometric analysis. RAPD
products with the primer P2 5’ACTTCGCCACGTA3’,
separated by vertical polyacrylamide electrophoresis,
are shown in Fig. 2.

12345678‘9

»

12 13 14 15 §

10 11
@ | e % ' i 'lnznp
g & 1 n‘ “BE -

2. Electrophoreogram of RAPD products — primer P2
5'ACTTCGCCACGTA3’ of different hop genotypes (Humulus lu-
pulus L.); for genotype description (No. 1 to 15) or electrophoreo-
gram paths, resp. see Tab. I, S = LambdaDNA/Eco471(Avall)

Molecular weight of polymorphic bands ranged
from around 80 bp to 8000 bp (Fig. 2). Numbers of
bands of RAPD genotype markers are presented in pa-
renthesis behind the name of the analysed cultivars.

Computing analysis of the picture — densitometric
evaluation

Electrophoreogram of RAPD markers with the
primer 5’ ACTTCGCCACGTA3’ was digitalized. Each
of the genotypes was characterized by the position and
density of polymorphic bands. The similarities among
the densitometric profiles of individual genotypes, ex-
pressed by the values of Pearson’s correlation coeffi-
cient are given in Tab. IIL.

Correlation coefficients according to Pearson, given
in Tab. III, were used for the construction of dendro-
gram of Fig. 3.

DISCUSSION

The method used for DNA isolation provided suffi-
cient quality of DNA in corresponding quality, suitable
for the following amplification. Similar method of
DNA isolation (with CTAB) described Pillay,
Kenny (1996). The yield of extraction is not pre-
sented by these authors.

Tbr polymerase (Amresco, USA) was used for the
amplification. All the quoted authors amplified hop
DNA by means of Taq polymerase. RAPD reaction
realized with Tbr polymerase showed higher specificity
and higher molecular weight of amplified product in
comparison with Tag polymerase reaction. This infor-
mation coincide with those presented by the producer
of the enzyme. Most of the authors described the re-
moval of proteinase from template DNA by incubation
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3. Dendrogram comparison of the genetic dis-

I11. Survey of correlation coefficients according to Pearson, describing genetic resemblance (%) among RAPD products

tance among hop genotypes (Humulus lupulus
L.) by means of RAPD markers (primer P2

1
4
2
s 5’ACTTCGCCACGTAZ3’); for genotype descrip-
;3 tion (No. 1 to 15) see Tab. I

(primer P2

5’ACTTCGCCACGTA3Z’) of different hop genotypes (Humulus lupulus L.); for genotype description (No. | to 15) see Tab. I

1 100 | - o = ks . - it 3 ¥ U 1 4 . &
2 32 [ 100 | - i c & N = 3 = L o . i =
3 so | 65 | 100 | - - - . - A - i - il ! A
4 74 | 48 | s8 [ 100 | - % = = = = L o = = 2
5 28 | 71 | 53| 44 [ 100 [ - s = 2 & L 5 - = =
6 4s | 49 | 63 | 37| s4 | 100 [ - = 2 s = = = = s
7 71| 66 | 63 | 70 | 74 | 66 | 100 | - 2 2 - = = 2 -
8 18| 63| 41| 42| 75| 4| s6 | 100 | - < 4 = % & =
9 42| 6 | 6 | s3 | 77| 43| 78| 70 | 100 | - = = = J =
10 44 | 74 | 56 | s8 | 81 35 | 81 | 68 | o1 | 100 [ - = d s 4
1 4 | s2 | 38| 13| 45| ss | 20| s6 | 37 | 25 [ 100 | - = 3 i
12 35 | 68 | 50 | 44 | 75 | 28 | 67 | 70 | 92 | 8 | 33 [ 100 | - = 2
13 40 | 48 | 57 | 41 | el 31 |- 64 -] 52l 88| 177 ofr 220 l88 | 100 | = -
14 40 58 56 43 69 40 70 62 87 77 41 90 89 100 -
15 33 | 71| 60 | 42| 71| 48 | 70 | 63 | 8 | 8 | so | s | 8 | 91 | 100

Genotype I 2 3 4 5 6 7 8 9 10| n 120 |- 13 14 | 15

at 94 °C for 2 minutes. The MgCl, concentration used
in reactive solution comes out from the optimum com-
position of reactive buffer, which is a part of the used
enzyme.

The temperature and time profile of RAPD reaction
corresponds to that one, described by Jak$e et al.
(1994) and Matous8ek, Trnéna (1996). The an-
nealing temperature 36 °C, presented by Brady et al.
(1996), gave a higher frequency of unspecific amplifi-
cations. The used annealing temperature 39.5 °C is
lower than the temperature presented by Matou-
Sek, Trnéna (1996) (48 °C) and Pillay, Ken-
ny (1996) (42 °C). The frequency of unspecific ampli-
fications was negligible due to the use of suitable
primer.

The influence of primer length on the genotype
specificity of RAPD markers was studied on the basis
of set primer testing of the size 8 bp to 13 bp. The
primer length 8 bp and 10 bp, used by Pillay,
Kenny (1996), gave a higher frequencies of unspeci-
fic amplifications. Only one of the tested primer set (P2
5’ACTTCGCCACGTA3’) gave RAPD products,
which enabled the differentiation of all 15 analysed hop
genotypes. This reality corresponds to the conclusions
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described by Pillay, Kenny (1996), who distin-
guished 24 hop genotypes from 60 tested ones. The size of
RAPD products by means of 5’ACTTCGCCACGTA3’
primer ranged from 80 bp to 8000 bp. The size of
genotypically specific RAPD markers ranged in the in-
terval of 50 bp to 5000 bp. JakS$e et al. (1994) and
Pillay, Kenny (1996) described an analogous size
of RAPD genotype markers.

Separation of amplified DNA by means of polyacry-
lamide electrophoresis is not presented by any of the
mentioned authors. The electrophoretic separation by
horizontal agarose electrophoresis, described for exam-
pleby JakSe etal. (1994), Matou$ek, Trnéna
(1996), was replaced by vertical polyacrylamide elec-
trophoresis, which gave, after staining by Ag* ions,
electrophoreograms with quality suitable for digitaliza-
tion and following evaluation by Gel Manger for Win-
dows program.

RAPD genotypically specific hop markers are char-
acterized by their size (bp) and number of bands
(JakSe etal., 1994; Brady etal., 1996; Pillay,
Kenny, 1996). The densitometric evaluation of elec-
trophoregrams by Gel Manager for Windows enables
an objective determination of similarities among the
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electrophoretic profile in analysed genotypes. The de-
mands on the quality of evaluated electrophoreograms
and all the further steps of computing analysis of the
picture correspond with the knowledge, presented for
example by Curn et al. (1995), Vejl (1995) and
Vejl, Salava (1995), at the fingerprinting of other
botanical taxons. For the evaluation of the similarity
among electrophoretic profiles of RAPD products (P2
5’ACTTCGCCACGTAZ3’) of hop, only the Pearson’s
correlation coefficient was used, with regard to the high
quality of the electrophoreogram (sharpness of bands,
minimum background). For this reason no comparison
according to Dice (only the RAPD marker position),
which were described by Curn et al. (1995), Vejl
(1995) and Vejl, Salava (1995), was made.

From the dendrogram study the separation groups
of Semiearly Zatec red bine hop is evident. The si-
milarity among RAPD marker profiles (P2
5’ACTTCGCCACGTA3’) ranged in this group be-
tween 65% to 75%. The clones of Semiearly Zatec red
bine hop were divided into partial groups — clusters
according to the dendrogramatic evaluation: I. Blato
and Osvald’s clone No. 114, II. Osvald’s clone No. 31,
III. Aromat and Universal, IV. Zlatan, V. Osvald’s
clone No. 72 and Sifem. The other analysed genotypes
significantly differ for the group of Semiearly Zatec red
bine hop. The individual cluster create: VI. Hybrid cul-
tivares Bor and Sladek and the cultivar Vojvodina, VII.
Comet, VIII. Spalt and Tettnang and IX. Northern
Brewer.

The separation of 15 hop genotypes into 9 clusters
significantly corresponded to the country of origin (in-
dividual cluster of genotypes from CR, Germany, USA
and Great Britain). This fact clearly supports the idea
that the used cultivars derived from similar gene re-
sources, are typical for a given area. The determination
of relatively big differences (creation of five clusters)
in Semiearly Zatec red bine hop is very interesting.

The ability of RAPD method to separate mutually
highly relative genotypes (individual clones of
Semiearly Zatec red bine hop) shows its high sensitive-
ness and suitability for the identification of cultivar
authenticity of hop plants. Due to the fact, that RAPD
represents a random amplification of polymorphic
DNA, it is impossible to speak about markering the
characters of hop quality by means of RAPD markers.

Studies of RAPD genotypically specific markers
create the initial step, which enables mapping and
markering of economically important properties of hop
(Humulus lupulus L.) together with hybridological
analyses and other methods of genetic markering.

CONCLUSION

The study represents the introductory results of hop
genotype identification realized in the Laboratory of
Genetic Analyses at the Department of Genetics and
Plant Breeding — Czech University of Agriculture in
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Prague. The results can be summarized into the follow-

ing points:

1. Method of DNA isolation with the quality suitable
for the following amplification was created.

2. The composition of RAPD reaction and this tempe-
rature and time profile was optimized.

3. Primer-giving genotypically specific RAPD markers
was selected.

4. By means of these markers 15 hop genotypes were
mutually separated.

5. Similarities in RAP profiles among single genotypes
were characterized by the values of Pearson’s corre-
lation coefficient.

6. By means of Gel Manager for Windows the genoty-
pes were separated into groups (clusters) correspon-
ding to a country of origin of hop genotypes.

Abbreviations and terms

Annealing — annealing of a primer and the template

DNA at PCR

Band — one zone (strip) in electrophoreogram

Cluster ~ — group of individual with very similar
characters

CTAB — cetyltrimethyl amonium bromide

dNTP - nucleotide mixture

PCR — Polymerase Chain Reaction

Primer — short, one-chain oligonucleotide with the
length of 5 to 40 bases

RAPD — Random Amplified Polymorphic DNA

RFLP — Restriction Fragment Length Polymor-
phism
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HOP PROTECTION AGAINST ALFALFA SNOUT WEEVIL
(OTIORHYNCHUS LIGUSTICI L.) IN CZECH HOP-GARDENS

OCHRANA CHMELE PROTI LALOKONOSCI LIBECKOVEMU
(OTIORHYNCHUS LIGUSTICIL.) V CR

J. Vostrel

Hop Research Institute, Ltd., Zatec, Czech Republic

ABSTRACT: Alfalfa snout weevil (Otiorhynchus ligustici L.) together with damson-hop aphid (Phorodon humuli Schrank)
and two-spotted spider mite (Tetranychus urticae Koch) are the most dangerous pests of Czech hop-gardens in the last three
decades. It is connected with the change in his bionomics since that time when the first developmental stages were observed
in the hop crowns. Hop protection against this pest is provided by a band spray with the help of a sprayer. High toxic
carbofuran which is used for this purpose will be replaced by a new pesticide fipronil, which is more friendly to environment.
New non-traditional methods of application, including biological ones are tested in spite of the fact that their utilization in
practical conditions seems to be very difficult.

hop; alfalfa snout weevil; hop protection; insecticides; biological control; carbofuran; fipronil

ABSTRAKT: Lalokonosec libegkovy (Otiorhynchus ligustici L.) patfi spoledn& s m3ici chmelovou (Phorodon humuli
Schrank) a sviluskou chmelovou (Tetranychus urticae Koch) k nejvyznamnéj$im $kidcim chmele v CR v poslednich 30 le-
tech. Tato skuteCnost tizce souvisi se zménou bionomie, kterd spodivd v tom, Ze se Skidce specializoval na chmel, coZ bylo
potvrzeno zjisténim vyvojovych stadii ve chmelovych babkach v poloving 60. let. Ochrana chmele proti tomuto $kudci je
provddéna pasovym postiikem. Toxicky carbofuran, ktery je jiZ fadu let pouZivan pro tento ulel, bude postupné nahrazen
novym pfipravkem ze skupiny fenyl-pyrazoly, fipronilem, ktery pii srovnatelné biologické u¢innosti je mnohem pfiznivéjsi
z hlediska ekologického. Jsou ovéfovany nové netradi¢ni metody aplikace, véetné metod biologickych, a to i pies tu skutec-

nost, Ze jejich vyuZiti v praktickych podminkéach chmelnic se jevi jako velmi obtiZné.

chmel; lalokonosec libe¢kovy; ochrana chmele; insekticidy; biologickd ochrana; carbofuran; fipronil

INTRODUCTION

Alfalfa snout beetle (Otiorhynchus ligustici L.) to-
gether with damson-hop aphid and two-spotted spider
mite are the most dangerous pests of hop plants in
Czech hop-gardens. Higher injury level is connected
with the change in the bionomics which arose thirty
years ago when some biotypes of O. ligustici special-
ized on hop plants, whereas only adults caused the
damage to spring shoots emerging from soil above the
earth level before it (Petrlik, Stys, 1986). Deve-
lopmental stages of O. ligustici that live in hop crowns
are more detrimental than adults. A contemporary
method of hop protection against weevils, band spray,
is effective only on adults and all developmental stages
under the earth level survive (Vostfel, 1987).

Problem with weevils is not a specific one only in
Czech hop-gardens. Similar difficulties with them have
also in other countries. Baird et al. (1992) studied
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migration of O. sulcatus in the USA. The bionomics
and control measures in Germany are described by
Kohlmann, Kastner (1975).

Two main objectives are studied now. The first one
is searching for some new pesticides, more friendly to
environment than contemporary insecticides
(Vostfel etal., 1996) and the second one consists in
testing some new non-traditional measures with the
help of them we would be able to control developmen-
tal stages living in hop crowns (Vostiel, 1988). Not
only chemical measurements but biological methods
are being tested as well (Vostfel etal., 1996). These
methods include also the possibility of using parasitic
nematodes to control O. ligustici in Germany (Arndt,
1989). Possibilities of utilization of nematodes in bio-
logical control against weevils in the world are dis-
cussed by Weiser, Mracek (1988). Susceptibil-
ity of O. sulcatus larvae to Metarhizium anisopliae and
M. flavoviridae (Deuteromycotina: Hyphomycetes) was
studied by Soares et al. (1983).
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MATERIAL AND METHODS

SUBSTITUTION OF CARBOFURAN BY A MORE
ENVIRONMENTAL FRIENDLY INSECTICIDE

Laboratory tests

Adults of O. ligustici were collected in the time of
their mass emergence above the earth level in the vil-
lage Steknik (5 km from Zatec). They were kept in
a laboratory under standard abiotic conditions. Sedi-
mentation tower was used for testing biological effi-
ciency. The rate of application liquid corresponded
with this one which is commonly used in outdoor con-
ditions. Adults of O. ligustici were placed at the bottom
of the sedimentation tower and were treated with ap-
propriate concentrations of some insecticides. The pres-
sure of the Potter nozzle was 0.2 Mpa and sedimenta-
tion time 10 minutes. The mortality was checked out
72 hours after spraying. Each application was repeated
three times. Distilled water was applied as a non-
treated control.

Field experiments

Hop-gardens with a medium population density of
0. ligustici in the villages Steknik (5 km from Zatec)
in 1995 and Mala Cernoc (15 km from Zatec) in 1996,
resp., were chosen for establishment of the field experi-
ment. Hop plants inside experimental plots were treated
with insecticides with the help of a motorized-back
sprayer (Stihl) with an appropriate rate of application
liquid in 1995. A Czech-made sprayer Monzun 1540
pulled by a Czech tractor Zetor was used for applica-
tion of insecticides in the field experiment in 1996. The
mortality of fifty adults of O. ligustici was checked
inside each experimental plot (variant) three days after
application of insecticides.

BIOLOGICAL CONTROL POSSIBILITIES

Besides the field experiment with pesticides the trial
with biological control was established at Steknik in
1995. The experimental hop-garden was divided into
two parts; the first one for chemical protection and the
second one for testing biological methods.

The field experiment with biological control was
established on July, 10. The entomophagous fungi
Beauveria bassiana (Boverol) in 0.3% and 0.5% con-
centrations delivered by the Czech manufacturer (Fy-
tovita) and entomophagous nematodes Heterorhabidi-
tis sp. (Larvanem) delivered by Koppert were used for
this purpose. An Italien sprayer Tifone was used for
application of two thousand litres of applied liquid per
hectare. Band spray method was used.

Instructions given by the manufacturers were fol-
lowed. When Larvanem was used, 50 milion nematodes
were applied per 100 sqm in average. The field trial
was evaluated by the method of soil diggings in the
first decade of May in 1996. Fifteen hop crowns were
dug up within each plot.

RESULTS AND DISCUSSION

From the results obtained from laboratory tests and
field experiments (Tabs I to IV) it is obvious that
a contemporary used pesticide, carbofuran (Furadan
350 F), is still very efficient on adults of O. ligustici
when applied by a band spray in the time of mass emer-
gence of beetles above the earth level (usually the be-
ginning of May). Unfortunately, it is very toxic to the
environment and it was the reason why we were search-
ing for a new insecticide, which would be less detri-
mental. Fipronil (Regent 70 WG), a new pesticide from
a group of phenyl-pyrazols, seems to be an appropriate
substitution for carbofuran in future because of its high
biological efficiency and better ecological charac-
teristics. Other tested pesticides do not reach such a
level of biological efficiency as fipronil or carbofuran.

On the other hand, we have not got any promising
results with biological measures. Neither entomo-
phagous fungi, nor nematodes, were effective when ap-
plied in field conditions of commercial hop-gardens.
However, we would like to continue in testing some
biological agents in future as well. As the main prob-
lem is the objectiveness of the evaluation of sufficient
quantity of larval stages living in hop crowns, which is
very problematic if we use a method of hop crown
digging up, we decided to obtain an experimental hop-
garden where we would be able to dig up by a plough
the whole rows of hop crowns to manage to evaluate
a big sample of O. ligustici pre-imaginal stages. We

L. Biological efficiency of chosen insecticides on adults of alfalfa snout weevil (O. ligustici L.) in laboratory tests

Common name Trade name Tested concentration Mortality (%)
Carbosulfan Marshal 25 EC 0.2 90
Methidathion Ultracid 40 WP 0.2 83
Imidacloprid Confidor 70 WG 0.008 95
Fipronil Regent 70 WG 0.002 98
Fipronil Regent 70 WG 0.004 100
Carbofuran Furadan 350 F 0.2 100
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I1. Biological efficiency of some insecticides on O. ligustici adults in the field trial in 1995 (Steknik)

Common name Trade name

Carbosulfan Marshal 25 EC
Methidathion Ultracid 40 WP
Imidacloprid Confidor 70 WG
Lambda-cyhalothrin Karate 5 EC
Abamectin Vertimec 1.8 EC
Pymetrozine Chess 25 WP
Chlorpyrifos Dursban 4 E
Carbofuran Furadan 350 F

Tested concentration Mortality (%)
0.2 98
0.2 95
0.008 95
0.06 15
0.05 13
0.08 15
0.2 10
0.2 100

icides on O. ligustici adults in the field trial in 1996 (Mald Cernoc)

111. Biological efficiency of some i
Common name Trade name
Carbosulfan Marshal 25 EC
Methidathion Ultracid 40 WP
Carbofuran Furadan 350 F
Fipronil Regent 70 WG
Fipronil Regent 70 WG

Tested concentration Mortality (%)
0.2 80
0.2 65
0.2 96
0.002 100
0.004 100

1V. Biological efficiency evaluation (Steknik 1995/1996)

Biopreparate
Larvanem
Boverol in 0.3% conc.

Boverol in 0.5% conc.

Non-treated plot

Number of larvae per 15 hop crowns
9
13
11
10

believe that this is the only way how to find the answer
on the question, whether we are able to control O. li-
gustici larvae using the biological measurements.
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INFLUENCE OF TRICKLE IRRIGATION ON THE YIELD
STABILITY AND QUALITY OF HOPS IN ZATEC HOP
REGION

VLIV KAPKOVE ZAVLAHY NA STABILITU VYNOSU A JAKOST
CHMELE V ZATECKE OBLASTI

J. Kopecky', L. Slavik®

1Hop Research Institute, Ltd., Zatec, Czech Republic
?Research Institute for Soil and Water Conservation, Praha, Czech Republic

ABSTRACT: Long-term field trial with trickle irrigation was established in an experimental hop-garden at the Hop Research
Institute in Zatec. Higher productivity of hops was proved statistically. Yield of dry hops was higher on the average by 40%
during five year observation. Qualitative characteristics of Czech fine aromatic hops were preserved. Irrigation water is
delivered to hop plants from an in-line system which is placed on the ceiling of the hop-garden. Its microclimate is influenced
favourably and acts as a thermo-regulatory factor. Physiological and biochemical processes in hop plants are favourably
influenced as well. It was found that temperature inside a hop-garden, which is treated by trickle irrigation, is lower on the
average by 4 °C. This phenomenon is important at first in the time when temperatures during a day are very high.

hop; trickle irrigation; hop yield; hop quality

ABSTRAKT: Na pokusné chmelnici Chmelafského institutu v Zatci byla dlouhodobym pokusem s fizenou kapkovou zéivla-
hou prokdzana statisticky prikaznd produkéni d¢innost kapkové zavlahy. V praméru pétiletého obdobi se zvysil vynos
chmelovych hlavek na zavlaZovanych plochach o 40 %, pfi¢emz byly zachovany kvalitativni znaky jemného ¢eského aroma-
tického chmele. Zavlahova voda doddvana po kapkach ze stropu konstrukce pfiznivé ovliviluje mikroklima v porostu a pisobi
jako termoregulacni faktor. Teplota vzduchu v kefi se zavlaZovanim sniZuje aZ o 4 °C, coZ mad pii vysokych dennich teplotach

v prub&hu vegetace pfiznivy vliv na fyziologické a biochemické procesy probihajici v rostlinném organismu.

chmel; kapkova zavlaha; vynos chmele; jakost chmele

INTRODUCTION

Czech hop-growers’ competitiveness not only in the
domestic but in the world hop market as well presumes
stabilisation of hop yields (Fric, 1994).

All the factors with the help of which it is possible
to reach this aim must be mobilized. Climatic condi-
tions in Zatec hop-region are very favourable for hop
growing but there is a problem which consists in pre-
cipitation deficit which may be in the years with lower
rainfall a very important factor. Irrigation systems in
this region should cover this deficit and help to keep
high level of hop yield.

Hop production can be influenced in a positive way
in CR by large and medium-scale irrigation systems on
the area larger than 4,700 ha of hop-gardens. Technical
facilities of built irrigation systems corresponds to
large-scale utilisation. In addition to them new modern
irrigation systems will be established. Trickle irrigation
system is one of the most convenient methods, which
is very suitable for hop irrigation as well (Ko-
chédnek et al, 1989).
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The piping with irrigators placed on the ceiling of
a hop-garden proved to be a very efficient system in
our region (Kopecky et al,, 1993). The main prob-
lem consists in the way of trickle irrigation system
control. Objective methods for determination of the
need of effective irrigation during the real time are
recommended for achievement of demanded yield ef-
fect (Slama, 1980; Slavik, 1980; Sachl, Ko-
pecky, 1984; Sasin, 1993).

Evaluation of trickle irrigation efficiency on hop
creation and quality is carried out at Hop Research
Institute in Zatec. This experimental work is solved
within the program of National Agency for Agricultural
Research controlled by the Czech Ministry of Agricul-
ture (no. RE 0950975098).

MATERIAL AND METHODS
Need and efficiency of trickle irrigation was studied

by the field experiment established in the experimental
hop-garden of Hop Research Institute in Zatec.
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The following variants were studied in the experi-
mental hop-garden: 1. trickle irrigation — the piping
irrigators in line system is placed on the ceiling of the
experimental hop-garden; spacing of irrigators is 1.0 m
(type NAAN - integrated Dripline 16; 1.6 I/h); they are
placed above each row of hop plants; 2. rain-fed vari-
ant.

Uniform cultivation technology was carried out
within the both variants in the experimental hop-gar-
den. The only variable factor consists in conditions of
water supply — supplementary irrigation.

Irrigational regime of hop is controlled by the
method of prognosis of the need of effective irrigation
doses (Slavik, 1980, 1990) in the week balanced
periods. More than 33% of the whole hop-garden area
in CR is under trickle irrigation system.

Influence of supplied irrigation water on yield of
hops was evaluated by controlled harvest of the both
plots. The method of stray choice of 16 hop plants in
four repetitions from the plot of each variant was used
for this purpose. Conclusive evidence of the difference
was statistically expressed for each year with regard to
stochastic character of natural rainfall during experi-
mental years.

Hop quality was evaluated by Wollmer analysis of
hop resins from the average harvest samples in labora-
tory conditions at Hop Research Institute in Zatec.

Influence of trickle irrigation on temperature regime
inside the hop-garden was continuously measured with

help of the automatic meteorological station (type
Mini-Met 1209).

RESULTS AND DISCUSSION

Need of irrigation was recorded in each year during
the studied period (1992 to 1996). Meteorological con-
ditions, at first distribution of precipitation during this
period, were very unbalanced (Tab. I). That means de-
mands for irrigation were very different for water. We
can see in Fig. 1 the development of water need cover-
ing in the years 1995 and 1996, resp. These two years
were chosen because they differ from each other from
this point of view. The survey of the total supply of
irrigation water in all the studied years is reviewed in
Tab. II. Irrigation doses which were supplied during
these years influenced the production of dry hops in
a positive way (Tab. III).

Efficiency of supplied irrigation water, resp. need of
irrigation in relation to yield of hops is the very impor-
tant factor during the evaluation of influence of this
water. Data contained in Tab. IV proved a very impor-
tant effect of irrigation doses. The yield contribution of
1 m? of water supplied by trickle irrigation is well-bal-
anced in the years with different demands for hop irri-
gation. Irrigation water supplied by drops from the ceil-
ing of a hop-garden influences microclimate inside it
in a positive way. Water is dispersed on hop leaves and

1. Meteorological data during vegetation period of hop (1992-1996); Meteorological station — Hop Research Institute, Zatec, CR

Mok Dot Air temperature (°C) Precipitation (mm)

1992 1993 1994 1995 1996 1992 1993 1994 1995 1996

1 49 6.2 5.4 8.7 4.9 4.6 1.4 0.6 757 9.8

v 2. 7.5 15 6.3 48 6.9 23 1.2 47.6 14.2 5.0

3 11.6 16.7 135 8.0 13.9 39.0 1.3 12 72 6.4

average 8.0 10.1 8.4 %2 8.6 45.9 3.9 49.4 23.6 21.2

1. 11.4 143 11.4 11.7 11.2 4.1 6.4 2.4 5.6 12.8

V. 2 153 17.2 15.1 10.0 13.5 5.6 4.9 342 16.6 17.6

3. 17.6 17.1 15.1 16.7 13.8 E? 48.8 33.8 39.6 14.2

average 14.8 16.2 13.9 12.8 12.8 11.4 60.1 70.4 61.8 44.6

1. 17.5 19.3 14.9 14.0 19.2 78.4 24.6 8.2 52.6 52.8

VI p 18.9 16.2 152 144 16.4 8.1 27.8 34 35.6 8.6

3! 19.9 15.3 224 17.2 13.9 27.8 373 3.6 4.8 43.0

average 18.8 16.9 17.5 15.2 16.5 114.3 89.7 15.2 93.0 104.4

1. 19.3 184 19.3 199 15.7 80.9 15.0 14.3 1.4 30.0

VIL 2 20.6 16.2 21.2 21.2 21.2 6.1 534 30.2 12 15.0

3. 20.6 17.6 23.0 199 17.5 12.1 10.0 - 56.0 5.4

average 20.2 17.4 21.2 20.3 16.4 99.1 78.4 44.5 64.6 50.4

L 223 18.5 224 19.5 17.0 18.7 222 33.2 4.6 158

VIIL 2. 18.9 18.1 16.1 18.6 16.5 7:9: 40.7 342 9.0 444

3. 20.5 14.5 16.3 16.0 16.7 7.4 2.0 16.6 324 55.4

average 20.6 17.2 18.3 18.0 16.7 34.0 64.9 84.0 46.0 115.6

Total (mm) 304.7 297.0 263.5 289.0 336.2
338 ROSTLINNA VYROBA, 43, 1997 (7): 337-341
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its amount increases in this way. It is evaporated from
the surface of leaves, gradually flows on the earth and
feeds the soil on a limited earth area. Influence of this
water on temperature regime in the place of hop vines
is obvious from Fig. 2 to 4, where a day course of air
temperature within plots with different water regime in
the days with high air temperature during the years
1994 to 1996 is presented. Irrigation system proved to
be an effective thermo-regulator element.

The results of growth analysis and quality analysis
of hop cones are obvious from Tabs V and VI. Re-

III. The influence of trickle irrigation on yield of dry hops

1. Review of water need of hop cov-

ering week (1995, 1996)

11. Supplied quantity of irrigation water

Year lm(g;l}x(::‘ _v;/)aler
1992 520
1993 590
1994 1070
1995 410
1996 320 °
Average 582

!

Year Yield of dry hops (t.ha =) Influence of irrigation Statistically significant difference
trickle rainfed tha™! o F-calculated F-test significance
1992 1.32 0.96 0.36 27.1 8.14 5.99 > 95%
1993 1.54 1.21 0.33 27.3 7.23 599 > 95%
1994 1.45 0.80 0.65 81.3 22.42 5.99 > 95%
1995 1.16 0.72 0.44 61.1 15.54 599 > 95%
1996 1.51 1.29 0.22 17.1 13.05 5.99 > 95%
Average 1.40 1.00 0.40 40.0

peated trickle irrigation had a positive influence on hop
plant habitus, which was more vigorous with longer
laterals. Hop cones were more numerous on hop vines
and so the yield was higher. Statistically important
share of trickle irrigation was definitely proved. Yield
of dry hops was higher in individual years by 17.1;
81.3%. No differences in qualitative characteristics be-
tween trickle irrigated and non-irrigated plots were
found. Harvested hops had all the typical features of
Czech fine aromatic hops. Qualified decision about the
correct time of irrigation water supply in optimum
doses is necessary for higher yield reaching.
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IV. Efficiency of supplied irrigation water

Yéar Efficiency of irriﬁation ) Neeq of supplied
water (kg.m™) irrigation water | kg

1992 0.69 1.44

1993 0.56 1.78

1994 0.61 1.65

1995 0.93 1.07

1996 0.69 1.45
Average 0.70 1.48
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2. Course of temperature in hop

~] plants (July 4, 1994)

/ \ / \\ Explanations to Figs 2 to 4:

4 1 - non-irrigated control plot

2 - trickle irrigation plot

N

\ 3 — course of irrigation
™ 4 — average day-temperature of

PN

fve 4 air (meteorological station)

3. Course of temperature in hop

plants (July 20, 1995)

7

4. Course of temperature in hop
plants (July 28, 1996)
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V. Values of hop vine creation

Length Length Weight of
; & Number of
Year Variant of vine {aterals of laterals laterals 1Bavas onies vitis
m (m) (ke) (kg) (kg) (ke)
1992 non-irrigated 7.2 92 1.54 0.176 0.831 0.733 0.515
trickle irrigation 7.4 96 1.76 0.287 0914 1.114 0.682
1993 non-irrigated 73 101 1.32 0.236 1.041 0.986 0.685
¥ trickle irrigation 5 112 1.58 0.372 1.215 1.164 0.793
1994 non-irrigated 7.1 68 0.84 0.156 0.621 0.432 0.435
trickle irrigation 7.4 82 1.12 0.218 0.845 0.638 0.584
1995 non-irrigated 7.0 82 2.10 0.570 1.420 1.020 0.735
trickle irrigation 73 81 2.18 0.550 1.530 1.080 0.910
1568 non-irrigated 7:3 90 0.77 0.151 0347 0.403 0.753
trickle irrigation 7.1 117 1.06 0.183 0.444 0.416 0.810
Average non-irrigated 7.2 87 131 0.260 0.850 0.710 0.643
1992-1996 | (rickle irrigation 73 98 1.54 0.320 0.990 0.880 0.756
VI. Results of chemical analysis of hop (in % of the content of chemical substances in dry matter of cones)
. Total l Soft 2 :
Year Variant Humulone Beta fraction Hard resins
resins
1992 non-irrigated 12.1 10.5 39 6.5 1.6
trickle irrigation 12.2 10.5 3.7 6.7 1.7
1993 non-irrigated 12.1 103 35 6.8 1.8
trickle irrigation 13.1 I3 3.7 7.6 1.8
non-irrigated 9.3 83 1.4 6.9 1.0
1994
trickle irrigation 9.2 8.1 1.3 6.8 1.1
non-irrigated 1.7 9.6 3.3 6.3 2.1
1995 .
trickle irrigation L3 9.4 32 6.2 139
non-irrigated 13.9 12.0 43 7.7 1.9
1996
trickle irrigation 15.6 13.4 4.8 8.6 22
Average non-irrigated 11.8 10.1 3.3 6.8 1.7
1992-1996 | rickle irrigation 123 10.5 33 72" 1.7
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EFFECTIVENESS OF SPRAY APPLICATIONS IN HOP
PROTECTION

EFEKTIVNOST ROSICU PRI OCHRANE CHMELE

F. Vesely

Hop Research Institute, Ltd., Zatec, Czech Republic

ABSTRACT: High quality and effective hop protection measurements depend on harmonisation of the output, setting of
nozzles and keeping working regime of a spraying machine. Sprayer Munckhof, produced by a Dutch firm from Horst, type
8010-16 VRVS, was tested for its possibility of utilisation in hop protection against pests and diseases in our hop gardens.
The sprayer has application nozzles in front of the air output out of the fan. Better leaf covering by microdrops is reached
in this way. Application parameters were compared with a common standard spraying machine Kertitox. Some technical
adjustments were made with the aim to achieve excellent covering of hop leaves and cones with application liquid. Nomogram
for evaluation of quality of the spray during the process of machine testing has been worked out. There is a possibility of 20
to 30% lower usage of application liquid per hectare if high quality application is carried out. Basic setting and adjustments
can be utilised for some other spraying machines with similar technical parameters.

hop; hop protection; spraying machine; setting of sprayers; effectiveness of hop protection

ABSTRAKT: Kvalitni a efektivni ochranné zdsahy u chmele jsou zdvislé na sladéni vykonu ventildtoru, nastaveni trysek
a dodrZeni pracovniho reZimu stroje. Testovanym strojem byl rosi¢ Munckhof holandské firmy z Horstu, typ 8010-16 VRVS.
Tento rosi¢ ma aplika&ni trysky pfed vystupem vzduchu od ventilatoru, coZ zaji$tuje vétsi rovnomérnost tvorby mikrokapének
pii postiiku. Aplika¢ni parametry byly porovnany s dosud pouZivanym strojem Kertitox jako referenénim vzorkem. Celkové
feSeni si vyZadalo i n€které technické tpravy k zajisténi stejnomérného pokryti plochy listi a chmelovych hlavek. Pfi testovéni
strojii byl zdroveii zpracovdn nomogram pro hodnoceni kvality postfiku. Vysledky ukazuji na moZnosti dspory 25 az 30 %
postiikové kapaliny na 1 ha pfi dodrZeni potfebné kvality postiiku. Zdkladni nastaveni a Gpravy bude moZné vyuZit rovnéz

u dalgich stroji se srovnatelnymi technickymi parametry.

chmel; ochrana chmele; rosife; sefizeni rosiél; efektivnost ochrany

INTRODUCTION

Introduction of wide spacing in hop cultivation in-
creased demands on qualitative technique for hop pro-
tection against pests and diseases. It was the reason
why some tests of spraying machines were gradually
carried out (Petrlik, Stys, 1963; Bala§tik,
1965; Skladal et al., 1970).

After 1970 hop protection was provided at first by
Kertitox NA 10 or NA 20 spraying machines which
were imported to CR from Hungary. Unfortunately,
they were imperfect. High energetic cost and low tech-
nical reliability were found out (Vent, 1988). At that
time machine testing was already carried out together
with determination of the optimal working regime of
sprayers (Kfiz, 1978, 1984; Chladek, 1988,
1989). Application tests were established to carry out
the print method and the method with water-sensitive
papers. These methods together with biological ones
were used by Petrlik et al. (1985) when working
regimes of spraying machines were determined (Petr-
lik, etal., 1991; Vesely, 1991, 1994).
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High intensity of hop protection nowadays brings
also negative influence of used pesticides on the envi-
ronment. High doses of application liquid per hectare
are the cause of it. The problem of the efficiency of hop
protection measurements is much more difficult than in
the case of orchards and vineyards. Quick build-up of
the mass of hop plants during vegetation period, con-
siderable change in the height of plants and specificity
of pests and diseases are factors playing the decisive
role within this complex.

Sprayers used in hop protection must be regularly
set up during the growing season. High doses of appli-
cation liquid are used at present. It is connected with
high speed (often higher than 5 km.h"l). Quality of the
operation is being decreased in this way at first in the
time when the wind speed is higher than 3 ms).

Many different types of spraying machines are used
in hop protection in CR nowadays (Tifone, Holder,
Meyers, Hardi, Nobili, Agra, Munckhof, Monzun and
some others). Unfortunately, most of them are used
without previous testing in hop-gardens and without
setting up. In the List of registered pesticides and
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sprayers for plant protection for 1996 only five types
of licensed machines are reviewed. Other types are
without licence and tests in hops. Some technical ad-
justments are made with the aim to achieve better cov-
ering of hop leaves and cones by the application liquid.
Sprayers Kertitox and Agra are being reconstructed on
Monzun spraying machine (Vesely, 1994).

MATERIAL AND METHODS

Testing was carried out by The Regulations of the
Czech Ministry of Agriculture concerning spraying ma-
chines testing, issued under No. 1304/04-310 of May
17, 1994. The work was aimed at testing under para-
graphs 2, 3 and 5, part II concerning possibilities of
spraying machines setting.

Air output

When the fan was tested, air speed was measured by
an apparatus equipped by a propeller measuring probe
with a digital display (Tab. I).

1. Variants of measurement of air output

Variant re\?:liit?:ns Transmission lns.talla(ion of
(rp.m) of the fan side walls
1 1 500 I no
2 1 800 1 no
3 2 000 I no
4 1 500 I yes
5 1 800 I yes
6 2 000 I yes
7 1 500 11 no
8 1 800 I no
9 2 000 I no
10 1 500 11 yes
11 1 800 1 yes
12 2 000 )i yes

The range of measurement was 0 to 40 m.s™' with
precision of 0.1 m.s”!. Measured points on the both
parts symmetrically identical were distant in five regu-
lar distances (0°, 20°, 40°, 60°, 80°) from horizontal
connection of the edges of the lower tin of the fan.

Measurement was carried out always at a distance
of 1 m from the central axis of the fan and was twice
repeated. The result is the average value of the mea-
surements.

Nozzle flow

Nozzle flow was tested under the standard pressure
of 1.3 MPa as it was recommended by the producer.
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The frame bore nozzles of only one type. Flow time
was tested with the doses of 100 and 200 1. The average
nozzle flow was determined and compared with table
data. In the second phase each of the individual nozzles
was tested. A hose was conducted into a graduated
glass of 2 1. Time of the nozzle flow of 2 | was deter-
mined. The difference among individual nozzles was
observed.

The test of frame flow was carried out with three
frame settings. The time of 200 | flow was measured.
Comparison was made with table values and the aver-
age value obtained during the first test as well.

All the basic tests of nozzle flow, flow frame setting,
steadiness of pump efficiency and pressure keeping
were made with the spraying machine full of water
(Tab. II).

I1. Variants of frame settings (measurement of the flow)

’ Nozzle
Variant
1 2 3 4 5 6
A ATM | ATM 223 210 210 210
B ATM | ATM | ATM 230 210 210
(0 ATM 230 223 215 210 210

Application tests

The speed during the basic application tests was
3. reduced (according to revolutions of the engine 2.2
to 2.8 km per hour). Revolutions of engine were 1500,
1800 and 200 per minute. Taking of leaves treated by
Kuprikol 50 (50% of oxychloride Cu) followed after
the application.

Comparison of a spraying machine Munckhof with
a common sprayer Kertitox, which was set to the same
rate of application liquid per hectare, was performed.
The same tractor speed and engine revolutions were
kept. Each tractor made five thoroughfares in the ex-
perimental hop-garden. Samples were taken from the
middle rows. The result of one thoroughfare was evalu-
ated when Munckhof sprayer was tested.

Test 1: Nozzle setting 1-6 of Munckhof sprayer (de-
livered by the producer) — ATM, 230, 230, 223, 215,
210. Measured flow was 40.52 Lmin~!. The rate of
application liquid per one hectare was 228.6 (55 mi-
nutes per hectare). Speed of a tractor 3. reduced, 1800
revolutions per minute, fan setting 2, side walls were
installed without extensions.

Test 2: Setting as in the case of test 1; that means
40.52 Lmin', 2228.6 L.ha™!, without side walls.

Test 3: ATM, ATM, 230, 215, 215, 210 - flow
45.85 Lmin™', 2522 Lha™!, without side walls.

The following variants of application were chosen
for tests on the base of the evaluation of previous re-
sults (Tab. III).

Frame setting (only with nozzles Albuz), nozzles
1-6: 230, 230, 215, 215, 210, 210. Frame flow
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III. Variants of application tests (print method)

V. Measurement of frame flow

Variant Speed Engine revolutions Settings of the | Measured Table Difference
(r.p.m.) frame flow value (%)
1 2nd reduced 1500 A 40.83 41.62 98.10
2 2nd reduced 1800 B 52.63 58.08 90.61
3 2nd reduced 2000 (o 37.73 3492 108.06
4 3rd reduced 1500
5 3rd reduced 1800
6 3rd reduced 2000
IV. Measurement of nozzle flow
Type Measured Table Difference Difference within the type
of the nozzle flow value (%) (%)
ATM 7.620 7.920 96.21 10.3
230 3.622 3.800 95.35 3.85
223 3.000 2.750 109.09 4.65
215 1.538 1.510 101.85 3.22
210 0.725 0.740 97.97 0.90
VI. Cover index (test papers made by Ciba-Geigy, test 1, 5 thoroughfares)
Kertitox Munckhof
tested rows
2L IL 1P 2P 2L IL 1P 2p
700 15 20 5 10 15 60 60 75
650 15 25 15 5 30 40 85 40
600 45 30 35 20 25 65 50 90
550 35 50 45 25 30 65 80 65
500 70 80 40 40 55 70 75 55
Height of 450 70 70 60 40 85 100 85 70
the plant 400 95 95 85 100 80 100 75 40
e 350 95 50 75 95 85 85 70 50
300 80 70 95 85 85 95 70 55
250 95 90 100 55 95 70 45 65
200 60 95 100 90 95 45 25 Fa
150 90 70 75 95 65 50 30 50
100 50 65 100 90 55 45 15 35
50 80 75 90 100 40 15 15 15
Average values of the cover index from different height levels
0-700 63.9 63.2 65.7 60.7 60.0 64.3 55.7 64.3
Height 0-250 75.0 79.0 93.0 86.0 70.0 45.0 26.0 48.0
12‘::)'5 300-500 82.0 91.0 71.0 72,0 78.0 89.0 75.0 54.0
500-700 36.0 41.0 28.0 20.0 31.0 60.0 70.0 65.0
600-700 25.0 25.0 18.3 11.7 233 55.0 65.0 68.3

2L - 2nd row on the left
IL — Ist row on the left
1P - Ist row on the right
2P - 2nd row on the right

242 Lmin~!. The principle of minimally three-times
higher flow of nozzles 1-3 in comparison with the noz-
zles 4-6 on each side of the frame was kept. This

ROSTLINNA VYROBA, 43, 1997 (7): 343-352

method showed to be a convenient one already in the
time when previous tests of sprayers were carried out.
ATM nozzles were not used any more because of their
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3. Spraying machine type Munckhof (air output of the fan); speed level of the fan I, with the installation of side walls

346 ROSTLINNA VYROBA, 43, 1997 (7): 343-352



30 24 18 12 6

0 ms!

80

o
o

Angle of the output
&

=

N
o

0

4. Spraying machine type Munckhof (air output of the fan); speed level of the fan 2, with the installation of side walls
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S. Spraying machine type Kertitox; cover index — test on sensitive papers made by Ciba-Geigy; settings by Hop Research Institute Zatec,

5 thoroughfares

unsuitable size of droplets. It is necessary for them to
have higher pressure than nozzles Albuz.

Water sensitive papers were marked and tightened
at a distance of 0.5 m between them on a 7 m long
nylon cord, which was hung up close to a hop plant on
both sides of a thoroughfare on both inclined and re-
moted rows. Taking of leaf samples for the print
method was made according to the standard method
(Petrlik, Stys, 1965a, b) from the height of 2, 4
and 6 m. Samples of cones were also taken from the
height of 4 and 6 m. Covering index corresponds to
percentage covering. Possible print omitting is taken
into consideration.

ROSTLINNA VYROBA, 43, 1997 (7): 343-352

RESULTS AND DISCUSSION
Fan testing

Uneven distribution of air output for vertical level
is obvious from obtained results. Left side has lower
output speed in all the variants than the right one.

Air output is higher to the level of 30° from the zero
horizontal level. Decrease of 20% on the left side and
25% on the right side in the variants without side walls
followed. With the installation of side walls the situ-
ation is much better, air speed is minimal on the level
of zero horizontal level. Air speed gradually increased
on the left side to the value of 60° if the transmission
of the fan is on the 1st grade. If the 2nd grade is turned
the value of 20° is determined. The increase of the both
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6. Spraying machine type Kertitox; setting by Hop Research Institute Zatec, 2500 1/ha; speed 3 reduced, 1800 r.p.m., 5 thoroughfares, speed
level of the fan 3; average values of the cover index from different high levels

VII. Cover index (test papers, test 2, spraying machine Munckhof)

1 thoroughfare 5 thoroughfares
tested rows

2L 1L 1P 2P 2L 1L 1P 2P

700 15 20 25 5 20 20 0 0

650 35 35 15 5 50 25 45 50

600 40 30 30 5 25 35 40 5

550 20 15 45 25 40 55 35 30

500 30 55 90 10 65 55 75 15

Height of 450 30 40 70 25 80 30 65 35

the plant 400 20 95 70 30 75 85 15 75

(em) 350 20 40 45 45 90 95 70 100

300 15 100 100 40 95 100 90 85

250 50 75 40 55 100 80 85 100

200 95 75 85 25 90 85 90 100

150 15 95 70 50 100 100 100 100

100 20 90 25 40 90 100 100 100

50 55 95 15 10 90 95 80 45

Average values of the cover index from different height levels

0-700 329 61.4 51.8 264 72.1 68.6 67.9 60.0
Height 0-250 47.0 84.0 47.0 36.0 94.0 92.0 91.0 89.0
levels 300-500 23.0 66.0 75.0 30.0 81.0 73.0 75.0 62.0
o) 500-700 28.0 31.0 41.0 10.0 40.0 38.0 39.0 20.0
600-700 30.0 283 233 5.0 31.6 26.6 28.3 183

transmission grades out to the point of 20° was found
on the right side. Mild decrease was followed out later,
when the values were > 40°. It is obvious from the
results that the figure of air speed is not symmetrical
regarding the perpendicular axis of the spraying ma-
chine. Deviations are higher than 10%. Munckhof is
better than commonly used sprayer Kertitox regarding
total efficiency and reached output speed values in the
case when side walls are installed and the 2nd trans-
mission grade of the fan is set up.
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It ensues from the results that a spraying machine
with installed side walls is more suitable for hop pro-
tection against pests and diseases, as the air output is
limited to the sides directly to the plants. Damage may
be caused by air output on condition that air speed is
higher than 25 m.s™! according to the physiological
condition of a hop plant. If the speed is higher than
30 to 35 m.s™! a serious damage of plants is caused by
the sprayer. Strong defoliation is evident to the height
of 3 to 3.5 m. Tearing laterals can be also sometimes
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7. Spraying machine type Munckhof; cover index — test on sensitive papers made by Ciba-Geigy; setting by the producer, 1 thoroughfare,

without side walls (ATM, ATM, 230, 215, 215, 210)

120 30

7.0m
6.5m

®

6.0m

X A

55m

&

50m

!

45m

v

40m '

. #

35m

Height of the plant

3.0m

25m

20m

o

1.5m
1.0m

. A
|

0.5m

8. Spraying machine type Munckhof; cover index — test on sensitive

gald sl

\/

|
60

30

papers made by Ciba-Geigy; setting by the producer, 5 thoroughfares,

without side walls (ATM, ATM, 230, 215, 215, 210), nozzles turning 1-3 by 20° upwards

seen under hop plants on the ground after such an ap-
plication. A guided stream of air in the direction up-
wards is more suitable. Lower parts of hop plants must
be simultaneously well treated as well. The results of
the speed of air output are obvious from Figs 1 to 4.

Nozzle testing
The results of these tests are reviewed in Tabs IV
and V. ATM nozzles had the biggest difference in the

flow whereas Albuz nozzles coped with the demand
(max. difference < 5%) in all the tests.
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Aplication tests with CG water-sensitive papers
(Tabs VI to VIII)

As the results of the test 1 in the profile of 0 to 250 cm
and 600 to 700 cm in the case of Munckhof sprayer did
not comply with the demands concerning quality of
spraying operations, other tests were carried out after
dismantling of the side walls. Different frame setting
was used in the tests as well.

One thoroughfare for determinations of the working
spray range was evaluated. Evaluation of the middle
rows after five thoroughfares was done too. The data
concerning Kertitox sprayer are surveyed in Figs 5 and
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6 and the data concerning Munckhof sprayer are sur-
veyed in Figs 7 and 8.

It is obvious from the results of test 2 that marked
improvement was in the height of 0 to 500 cm, where
the index evaluation is excellent. On the contrary,
a sharp decline of measured values was found out in
the height between 550 and 700 cm. It was the reason
why we decided in the third variant to set two ATM
nozzles in the frame position 1 and 2 with higher min-
ute flow. The pressure was kept on the usual level (1.3
MPa) as it was the most suitable setting for Albuz noz-
zles. Unfortunately, the results showed another deterio-
ration of the average index in the height between 500 and
700 cm. The highest deterioration was observed in the
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height of 600 to 700 cm, where the average index value
was very poor in all the cases. Therefore we decided to
use for the other print tests only Albuz nozzles.

Application tests — the method with leaf prints

The method is more accurate than the method of
water-sensitive papers. The data obtained from the tests
are reviewed in Tabs IX and X. The results are divided
extra for the 2nd and the 3rd reduced speed grade. It is
obvious that the efficiency of the application is very
good, at first in the case when the speed is slower and
revolutions of the engine higher (a variant with reduced
speed grade and 2000 revolutions per minute). In spite
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VIIL. Cover index (test papers, test 3, spraying machine Munckhof)

1 thoroughfare 5 thoroughfares
tested rows
2L 1L 1P 2P 2L IL 1P 2P
700 0 0 0 0 0 10 10 0
650 0 5 20 15 35 5 5 5
600 0 20 40 10 35 20 25 35
550 0 30 55 20 65 30 25 10
500 0 75 40 20 50 70 85 15
Height of 450 0 70 60 30 55 75 100 30
the plant 400 10 55 45 45 85 75 85 55
e 350 20 55 30 25 70 65 5 60
300 40 55 95 70 95 100 100 85
250 30 35 55 15 920 95 70 100
200 25 45 85 10 75 95 100 100
150 25 55 95 10 90 100 75 100
100 60 55 95 10 100 100 95 100
50 5 75 40 10 85 90 65 70
Average values of the cover index from different height levels

0-700 154 45 53.9 20.7 66.4 66.4 65.4 54.6
Height 0-250 29 53 74 11 88 94 81 94
z:ne)ls 300-500 14 62 54 38 71 77 89 49
500-700 0 26 31 13 37 27 30 13

600-700 0 83 20 8.3 23.3 11.6 13.3 13.3

IX. Results of the print method; spraying machine Munckhof, speed 2 reduced, fan 2, installation of side walls plus extension, nozzles on

the frame: Albuz (230, 230, 215, 215, 210, 210)

1500 r.p.m. 1800 r.p.m. 2000 r.p.m.

Sample evaluated rows — cover index

2L IL 1P 2P 2L 1L 1P 2P 2L 1L 1P 2P
VL 200 cm 67.5 67.5 65.0 85.0 733 67.5 76.3 75.0 67.5 525 70.0 90.0
VL 400 cm 825 65.0 57.5 87.5 60.0 55.0 715 70.0 80.0 40.0 75.0 82.5
VL 600 cm 72.5 45.0 50.0 35.0 70.0 35.0 45.0 40.0 60.0 45.0 70.0 67.5
LL 200 cm 80.8 62.2 83.0 783 63.6 75.0 80.0 75.0 39.0 73.9 52.0 90.0
LL 400 cm 62.5 48.1 80.0 83.7 357 58.1 56.4 77.8 70.8 62.1 71.4 68.3
LL 600 cm 53.8 28.9 36.5 419 46.9 13.8 50.0 24.6 722 442 372 46.6
Con. 400 cm | 61.6 589 68.0 75.0 57.5 444 68.6 59.6 715 73.6 75.7 71.7
Con. 600 cm 67.8 47.2 58.0 56.5 38.9 28.8 72.0 41.1 81.2 51.9 63.9 64.7

r.p.m. — revolution per minute (tractor with engine revolution counter)

VL - vine leaves
LL - lateral leaves
Con. - cones

of the fact that covering is slightly lower to the height
of 4 m, we can report that it is still in a very good
quality. Better data were obtained in the height of 6 m
where only one sample of lateral leaves showed lower
quality values than are the demanded ones. All the
other samples proved excellent quality.

If lower revolutions were tested, poor quality was
observed in the both higher and lower hop plant levels.
Similar data were obtained if the 3rd reduced speed
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grade was tested. It may by claimed again that better
results were found if the engine revolutions are 2000
per minute. Some data are showed in Figs 9 and 10.

The evaluation of the covering index is divided ac-
cording to the comparison of biological efficiency of the
spraying operations against damson-hop aphid if an insec-
ticide with a very good contact efficiency is used.

Index in the range between 51 and 100 corresponds
to high quality application. Index values in the range
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X. Results of the print method; spraying machine Munckhof, speed 3 reduced, fan 2, installation of side walls plus extension, nozzles on

the frame: Albuz (230, 230, 215, 215, 210, 210)

1500 r.p.m. 1800 r.p.m. 2000 r.p.m.

Sample evaluated rows — cover index

2L IL 1P 2P 2L IL 1P 2P 2L 1L 1P 2P
VL 200 cm 81.7 525 72.5 80.0 82.5 81.7 67.5 75.0 95.0 90.0 90.0 95.0
VL 400 cm 70.0 725 87.5 50.0 62.5 67.5 60.0 87.5 85.0 85.0 75.0 85.0
VL 600 cm 40.0 40.0 45.0 20.0 35.0 433 40.0 55.0 50.0 45.0 52.5 90.0
LL 200 cm 30.0 60.0 87.5 778 82.5 80.5 89.2 914 89.1 82.5 80.0 75.6
LL 400 cm 82.0 66.9 825 525 54.0 66.3 62.2 84.0 78.0 68.8 53.0 78.3
LL 600 cm 28.8 383 20.0 30.0 183 13.1 15.0 47.8 22.8 322 458 70.7
Con. 400 cm 71.0 58.0 79.3 61.4 80.8 75.0 62.0 71.0 61.0 51.7 65.0 829
Con. 600 cm 314 39.5 20.5 61.8 31.1 18.9 44.0 58.4 543 51.0 44.0 54.0

of 31 to 50 are only sufficient ones with the danger of
non-treated places left and index lower than 30 means
the insufficient quality of a spraying operation.

We can state that efficiency of the application is
very good and markedly better than in the case of the
common sample above all if the engine revolutions are
higher, that means 2000 r.p.m.

We can conclude that it is possible to state that
spraying machine Munckhof belongs to a very good
lower-medium group of spraying machines as its pa-
rameters are the following: tank volume is 1000 litres,
fan efficiency is 60 000 m?® of the air per hour, maxi-
mum number of nozzles per frame is twelve, maximum
frame flow if Albuz nozzles are used is 50 l.min"".

Some smaller construction and technical adjust-
ments are necessary to carry out for the optimal utili-
sation if this spraying machine is used in hop protection
against pests and diseases. We can claim that after
these adjustments the machine is able to manage the
hop area of 25 to 30 hectares if a demanded repetition
of a spraying operation is during 5 to 6 days. It corre-
sponds to daily performance of 5 to 6 hectares.

The average volume of application liquid during the
tests was on an average 20 to 33% more economical
(maximum 2200 Lha™") in comparison with current ap-
plication rates (2800 to 3200 l.ha‘l). The saving is in
fact the main aim of the tests and it means an important
economical and ecological contributions in the hop pro-
tection process against pests and diseases. The results
obtained during the tests work serve as the basis for
computer evaluation and graphical processing of nomo-
grams for the evaluation of application quality of
spraying operations.
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