Vysadba chmele (agrochemie, koreny, znackovani, vrtani)

Planting hops (agrochemicals, roots, marking, drilling)

Souhrn

Bylo provedeno Setfeni obsahu Zivin
v chmelovych ptdach ve vertikdlnim sméru
(0-15 cm, 15-30 cm, 30-45 cm, 45-60 cm,
60-75 cm, 75-90 cm). Byly zjistény
nerovnomérnosti zejména u P, K
Nerovnomeérnosti je vhodné pred vysadbou
chmele odstranit (velmi hluboka orba az do
1m hloubky, hnojeni). Je vhodné formovat
korenovy systém chmele jiz pri vysadbé.
Jednim ze zptlsobid je hloubeni hlubokych
jamek do 80-90 cm. Byly zkonstruovany a
vprovozu kladné ovéreny: 1) technické
zplisoby vymeérovani vysadbovych jamek -
znackovac¢ 2) Chmelovy vrtak (4 vrtak) pro
vytvareni hlubokych jamek pted vysadbou o
maximalni hloubce 80-90 cm.

Kli¢ova slova: chmel, sdzeni, vrtani,
vymérovani

1 VYSLEDKY
1.1. Obsah zivin a jejich vertikalni
rozlozeni

Podle drivéjsich rozbori a Setfeni (ptdni
vrstvy 0-30 cm, 30-60 cm, 60-90 c¢cm) jsou
v ornici nékteré ziviny, zejména pak P a K,
v mensi mife i S04, Mg, Ca vertikdlné
nerovnomérné rozmistény (Klas, 2015), na
coz ma hlavni vliv obsah organické hmoty a
geologické podlozi ptdy.

Podle pfresnéjSich rozbord (tab. ¢ 1)
a Setfeni (pidni vrstvy 0-15 c¢cm, 15-30 cm,
30-45 cm, 45-60 cm, 60-75 cm, 75-90 cm) je
toto rozlozeni Zivin charakteristické a
jedinecné pro kazdé stanovisté (Klas, 2016) a
ma vzdy svoji danou a velmi pfesnou logiku.
Vertikdlni disproporce, zejména P, K, Corg
opét potvrzeny (graf ¢. 1-7).

Pro nazornost (obsah ziviny v horizontu
0-15 cm = 100%) uvadime predbézné
vysledky zlokality 2 (k. u. Chrastany),
potencidlné urcené kvysadbé chmele
v procentickém vyjadfeni a vzijemném
porovnani (graf ¢. 7).

Abstract

Research was carried out regarding nutrient
contents in soils on which hops are cultvated
in several vertical horizons (0-15 cm, 15-30
cm, 30-45 cm, 45-60 cm, 60-75 cm, 75-90
cm) The research detected unevenness
especially in P, K. It is important to remove
this unevennes before the planting of (very
deep plowing up to 1m depth, fertilization).
It is advisable to form the root systém of
hops at the time of planting. One way to
achieve this is to excavate deep holes up to
80-90 cm deep. For these reasons several
methods and machines were constructed
and used with positive effect: 1) the
technical means for marking the planting
holes - hop marker 2) Hop (4 piece drill)
drill for creating deep holes before planting,
able to penetrate to of 80-90 cm

Key words: hops, planting, drilling, marking

1 RESULTS
1.1. Nutrient content and vertical
distribution

According to previous analyzes and
researches (soil layer 0-30 cm, 30-60 cm, 60-
90 cm) an uneven deposition in some topsoil
nutrients, especially P and K, to a lesser
extent, SO4, Mg, Ca was found (Klas, 2015),
which is affected in a major by organic
matter content of the soil and bedrock.

According to a more accurate analysis
(Tab. No. 1) and researches (soil layer 0-15
cm, 15-30 cm, 30-45 cm, 45-60 cm, 60-75
cm, 75-90 cm) this deposition of nutrients is
unique for each site (Klas, 2016), and always
has its very precise logis as to why it is so.
Vertical imbalance, especially P, K, Corg again
confirmed (chart No. 1-7).

To illustrate (nutrient content in the
horizon of 0-15 cm = 100%) we show
preliminary results from the site 2 (k. G
Chrastany), potentially intended for planting
hops in percentage terms, compared with
one another (chart No. 7).



Tab. 1 - Obsahy Zivin a Co, hodnota pH / Nutrient content and C,x, pH value

Horizonty 0 - 90 cm / Horizons 0 - 90 cm
Ziviny / Nutrients 0-15 | 15-30 | 30-45 | 45-60 60-75 75-90
pH 7,1 7,2 7,3 7,3 7,4 7,3
P (mg/kg) 178 164 78 67 29 20
K (mg/kg) 393 397 328 293 227 222
Mg (mg/kg) 189 187 156 141 138 165
Ca (mg/kg) 2970 | 2870 |2840 |2800 2540 2910
S (mg/kg) 3,3 5,0 7,7 91 10,1 11,7
Corg 1,6 1,4 1,0 0,8 0,6 0,6
Hm.pomér K/Mg (mg/kg) 2,1 2,1 2,1 2,1 1,56 1,3

Graf ¢. 1 - Obsah P (mg/kg) v hloubce 0-90 cm / Content P (mg/kg) at a depth

of 0-90 cm
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Graf ¢. 2 - Obsah K (mg/kg) v hloubce 0-90 cm / Content K (mg/kg) at a depth

of 0-90 cm
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Obsahy P, K (graf ¢. 1, 2) vpldnich
horizontech maji klesajici trend smérem od
vrchnich  horizontd smérem Kk spodnim
horizontim a rozdil je dan zejména velmi
malou vertikalni pohyblivosti P na rozdil od,
o néco vétsi, vertikdlni mobility K. Identicky
pribéh obou grafi (graf. ¢. 1, 2) signalizuje
stejny zplsob vazeb na pldni sorpcni
komplex a celkové obsahy P, K a jejich
grafické vyjadreni (graf ¢. 1, 2). Jsou témér
identické s grafem obsahu Corg (graf ¢ 6). To
signalizuje zavislost obsahti P, K v pldnich
horizontech na obsazich Corg (graf ¢. 7). Tato
zavislost byla nasledné potvrzena pomoci
vypoctu vzajemnych korelaci (graf ¢. 8, 9).
Bylo potvrzeno, Ze zvySeni obsahl P, K je
limitovano obsahem ptlidni organické hmoty,
vyjadfenym Coe. Nebude tedy ucinné
zvySovani urodnosti pidy prostrednictvim
hnojeni P, K bez zvySeni Corg, tedy bez
organického hnojent.

The contents of P, K (chart No. 1, 2) in soil
horizons have a decreasing trend from the
upper horizons towards the lower horizons
and the difference is mainly due to very little
vertical mobility of P unlike, somewhat larger,
vertical mobility of K. An identical course for
both graphs (chart No. 1, 2) signals the same
way of bonding to the soil sorption complex
and the total contents of P, K and their
graphical representation (chart No. 1, 2) are
almost identical to the graph of Corg (chart No.
6). This indicates the dependence of P, K in
soil horizons on the contents of Corg (chart No.
7). This dependence was subsequently
confirmed by calculating the mutual
correlations (chart No. 8, 9). It was confirmed
that the increase in content of P, K is limited
by the content of soil organic matter,
expressed as Corg. It therefore won’t be
effective to try to increase the fertility of the
soil by fertilization by P, K without increasing
Corg, therefore without organic fertilization.

Graf ¢. 3 - Obsah Mg (mg/kg) v hloubce 0-90 cm / Content Mg (mg/kg) ata
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Graf ¢. 4 - Obsah Ca (mg/kg) v hloubce 0-90 cm / Content Ca (mg/kg) ata

depth of 0-90 cm
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Vertikalni disproporce Ca, Mg (graf ¢. 3,
jing pribéh dany vlastnostmi zejména
ptdnich horizontd (Castecné 45-60 cm,
hlavné vSak 60-75 cm), kde je vlivem nizké
obsah Ca, Mg. Vlastnosti zejména horizontu
60-75 cm mohou byt zplisobeny existenci
utuzené vrsty anebo méné vhodnym pidnim
sloZzenim. Napravné opatreni by tedy mohlo
byt hloubkové kypreni, 1épe vsak velmi
hluboka rigolovaci orba do 1 m, ktera padni
horizont s nevhodnymi vlastnostmi rozrusi,
odstrani lokalni utuZeni a rozmélni jej do
ostatnich horizontd.

Obsah S vpiddnich horizontech (graf
¢. 5) je dan velkou mobilitou a
vodorozpustnosti S a je zde signalizovana
potieba kaZzdoro¢niho dopliiovani S v ramci
pravidelné vyZivy chmele zdkladnimi
Zivinami, mezi které musime pocitat S, ale i
vySe uvedené Ca, Mg, jeZ jsou také vertikalné
vpidnim profilu mobilni, ale podstatné
méné neZ S, kterd je absolutné nejmobilnéjsi,
a tak ma nejvétsi disproporce obsahli mezi
jednotlivymi plidnimi horizonty (graf ¢. 7).

Vertical disparity of Ca, Mg (chart No. 3, 4)
are significantly smaller than that of P, K, and
already have a different course thanks to the
particular properties of soil horizons (partially
45-60 cm, mainly 60-75 cm), where is due to
the low cation exchange capacity (CEC) the
lowest content of Ca, Mg. Properties the
especially of the 60-75 cm horizon may be
caused by the existence of a compacted layer
or by a less suitable soil composition.
Corrective action can therefore be made by
deep tillage or even better by very deep
plowing up to 1 m deep, which disturbs the
horizon  with  unfavourable properties,
removes the local soil compation and breaks it
into more soil horizons.

S content in soil horizons (chart No. 5) is
caused by the great mobility and water
soluability of and so there is a given need for
annual replenishment with a regular
fertilisation of hop with essential nutrients,
among which we add S, but also the above-
mentioned Ca, Mg, which are also vertically
mobile in the soil profile, but substantially less
than S, which is the most mobile, and thus has
the greatest disparity between the contents of
soil horizons (chart No. 7).

Graf¢. 5 - Obsah S (mg/Kkg) v hloubce 0-90 cm / Content S (mg/kg) at a depth
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Graf ¢. 6 - Obsah organického uhliku v pidé C,,, (%) v hloubce 0-90 cm /
Organic carbon content in the soil C,,, (%) at a depth of 0-90 cm
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Graf ¢. 7 - Lokalita 2 - Obsahy Zivin a C,,, hodnota pH (100 % = horizont 0-15 cm)
Location 2 - C, nutrient content and value pH (100 % = horizon 0-15 cm)
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Graf ¢. 8 - Zavislost K (mg/kg) na C,,, (%) / The dependence K (mg/kg) on C,,, (%)
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Graf ¢. 9 - Zavislost P (mg/kg) na Corg (%) / The dependence P (mg/kg) on C,,, (%)
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Uvedend zjisténi plati presné pro jedno
stanovisté, kde byly provedeny rozbory,
jejich vyhodnoceni a kde bude probihat
vysadba chmele. Pti Setfeni novych lokalit je
nutné udélat dalsi, nové rozbory, a ty opét
peclivé vyhodnocovat. Obecnou platnost Ize i
na zakladé jiz probéhlych dalSich Setreni
predpokladat u zjiSténi lokalizace P, K, Corg
v pidnim profilu a vzdjemnych vztahi P, K, a
Corg Dale i u velké mobility S, spojené s velmi
variabilnim  obsahem  mezi pldnimi
horizonty. Na vSech stanovistich lze obecné
predpokladat dominantni vliv Corg na pldni
a agrochemické vlastnosti stanovisté.

2. DISKUSE

2.1. Vertikalni uloZeni zZivin, kofeny
rostlin, vliv na vynos chmele

V poslednich zhruba dvou desetiletich
jsou velmi pouzivané vcelém spektru
péstovanych plodin (nejvice fepka, pSenice,
ale i chmel) technologie minimalizace, které
ptdu kypti, ale pidni vrtsvy neobraci. S tim
souvisi i dnes velmi znamé a problematické
utuzeni  pGd. Vhodnym  napravnym
opatfenim je hloubkové kyptreni. U méné
pohyblivych Zivin (P, K) a pldnich soucasti
(Corg) dochazi i pres tato opatieni k jejich
kumulaci v hornich vrstvach, kde jsou Ziviny
jen omezené vyuzitelné. A tedy i u chmelu
muze dojit k vyzivovému deficitu a stagnaci
¢i poklesu vynosu.

Z péstovani chmele tuto hypotézu zatim
predbézné naznacuji jen kazdoro¢ni rozbory
rostlin, které nékdy (zejména susSsi roky)
signalizuji nedostatek zdkladnich prvki (K,
Ca, Mg, alei P).

y =-10,552x% + 181,24x - 79,806
R*=0,98121

<

13 1,5 1,7

These findings apply to just for one station,
where the analyzes and evaluation were
executed and where the hop planting is
planned. When investigating new sites i tis
neccesary to carry out new analyzes, and these
again need to be carefully evaluated. General
validity can also be based on other
investigations which have already been held
with the expected findings regardng localization
of P, K, Corg. in the soil profile and mutual
relations of P, K, and Corg. Furthermore, the
great mobility of S associated with a highly
variable content of the soil horizons can be
extended to other sites. At all sites, it can be
generally assumed that Cor. has a dominant
influence on soil and agrochemical properties of
the site.

2. DISCUSSION

2.1. Vertical storing nutrients, plant
roots, the effect on the yield
of hops

In roughly the last two decades the the
technology of minimazation is widely used
across the spectrum of crops (mostly canola,
wheat, but also hops), which loosens the soil,
but soil layers of not mixed. Related to this is
also now very well known and problematic soil
compaction. Appropriate countermeasure is
deep tillage. For less mobile nutrients (P, K) and
soil components (Corg) accumulation in the
upper layers still occurs despite these
measures, where the nutrients are of limited
utility. This may cause nutritional deficiency
and stagnation or decline in revenue in hop
cultivation.

From the practical cultivation of hops this
hypothesis is only outlined by annual analyzes
of plants, which sometimes (especially drier
years) indicate the lack of essential elements (K,
Ca, Mg, as well as P).



Although they are apparently present in the
soil - provisional methodology analyzes layer
only up to about 30-40 cm, 30-110 cm layer is
examined only in N content). Signs from other
spectrum of crops are clearer, here the
signaling crop is winter rape due to the
characteristics of its root system (sensitivity to
compaction) but at the same time having
excellent ability of the root system to take in
nutrients (and extensive habitat) which is
significantly better than that of winter wheat.

It is interesting to note that during the
annual evaluation of the highest yields of winter
oilseed rape (SPZO in the whole country) the
set of record revenues of almost coincides with
the set which utilized plowling. Minimization
set then achieves record revenues when it
coincides with the use of so-called fertilisation
under the heel (10-15 cm mid-and lower-15-25
cm soil horizons). Partly this hypothesis is
confirmed by the data on yields of winter rape
for the year 2016, which can be seen as an
example of available data from Chrastany
Agricultural Society Ltd. (Klasovd, 2016) - the
total area of 222 ha. 41% of the total area was

Ackoliv v pidé zdanlivé jsou - zatimni
metodika rozboruje vrstvu jen do asi 30-40
cm, vrstva 30-110 cm je zkoumadna jen u N).
Signdly z ostatniho spektra rostlin jsou vsak
jasnéjsi, zde signalni plodinou s ohledem na
vlastnosti korenové soustavy (citlivost na
utuzeni) je ftepka ozimda, kterd ma vsak
vybornou osvojovaci schopnost kofenové
soustavy k zivindm (i extenzivni stanovisté) a
to vyrazné lepsi nez ozima pSenice.

Pro zajimavost lze uvést, ze pii
kazdoro¢nim  vyhodnocovani  nejvyssich
vynosi fepky ozimé (SPZO v ramci celé CR) se
mnozina rekordnich vynost témér shoduje
smnozinou pouzité technologie orby. U
technologie minimalizace se pak mnoZzina
rekordnich vynos shoduje s pouZitim tzv.
hnojeni pod patu (stfedni - 10-15 cm a spodni
- 15-25 cm horizonty ornice). Caste¢né se tato
hypotéza potvrzuje na datech vynosu fepky
ozimé za rok 2016, kde lze uvést jako priklad
dostupnd data Zemédélské spolecCnosti
Chrastany s.r.o. (Klasovd, 2016) - celkova
plocha 222 ha, hnojeni pod patu na 41 %

celkové plochy (tab ¢. 2).

Byl nalezen piimy, prikazny vztah mezi
hmotnosti kofend a vynosem plodin, tato
zavislost je velmi silnd zejména u plodin
viceletych, neplati vSak u vétSiny jednoletych
(Petr, J., Cerny, V., Hruska, L. a kol., 1980).

fertilized under the heel (Tab. No. 2).

A direct, demonstrable relation between the
mass of roots and yield of the crop was found,
this dependence is particularly strong in crops
perennial, but does not apply to most annuals
(Peter, J., Cerny, V., Hruska, L. et al,, 1980).

Tab. 2 - Efekt hnojeni pod patu - ‘epka ozimd - 2016 - ZS Chrdstany s.r.o.

Effect of fertilization under the heel - winter rape - 2016 - ZS Chrdstany Ltd.

Vynos/yield (t/ha) %

Vynosy s hnojenim ,pod patu” 4,770 109
Yields with fertilizer under the heel
Vynosy ostatni 4,085 94
Other revenues
Primérny vynos 4,364 100
Average yield

Pomoci teorie mnozin a za piedpokladu
abstrahovani od vlivii ostatnich prvka
(meteorologické vlivy, odrtida, agrotechnika
aj.) jsme se pokusili ustavit a popsat riizné
varianty vztahi a funkci mezi:

* A -mnozina pidnich Zivin ve chmelnici
*  B-mnoZina kofenti chmelovych rostlin
* Y- vynos chmele
* ANB-prinik mnoZin AaB

Podobné modelovani, ale jiZz v podobé
analyzy velkych ¢isel a  sloZitéjsich
matematickych vztahl, je uzivano i pri
analyze zemédélskych soustav (Kudrna,
1985). Néasledné modelujeme varinaty
situace po vysadbé chmele a vynos chmele
jako funkce velikosti priniku obou mnoZin
na jednotlivych stanovistich a pfi rdznych
variantach vertikadlniho rozloZenf Zivin (graf
¢. 10,11, 12):

Using set theory and assuming abstracting
from the effects of other components
(meteorological influences, variety, agri-
cultural technology etc.). We have tried to
establish and describe the different variants of
relationships and functions between:

* A-setofsoil nutrients in hop-garden
* B-setroothop plants

*  Ya - the yield of hops

* A N B-theintersection of A and B

Similar modeling, but in the form of analyzes
of large numbers and complex mathematical
relationships, it is also used in the analysis of
agricultural systems (Kudrna, 1985). Then we
model variants situation after planting and hop
yield as a function of the size of the intersection
of two sets at the local sites and various
variants of the vertical distribution of nutrients
(chartNo. 10,11, 12):



Varianta 1 - lokalita 1, nizké absolutni Option 1 - site 1, low absolute nutrient
obsahy zivin, vertikalni disproporce obsahi content, vertical disproportion of nutrient
Zivin content

A \“‘ A1 N B;

Graf ¢. 10 / Chart No. 10

Varianta 2 - lokalita 2, vysoké absolutni Option 2 -.site 2, h.igh. ab.solute.nutr.i(?nt
obsahy Zivin, bez eliminace vertikalnich content, without eliminating disparities
disproporci obsahti Zivin vertical content of nutrients

Az

Graf ¢. 11 / Chart No. 11

Varianta 3 - lokalita 2, po eliminaci Option 3 - site 2, after the elimination of
vertikalnich disproporci obsahti Zivin vertical disparities of nutrient content

Graf ¢. 12 / Chart No. 12
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Pii péstovani chmele by tedy méla byt i
tato skute¢nost vzata vuvahu a celd
technologie péstovani (vybér stanovisté,
zaklddani chmelnic, agrotechnika) by na
zakladé téchto predpokladi méla najit
spravna vychodiska. Pfipadny vynosovy efekt
u chmele lze odhadnout na priblizné 15 %, pti
velkych diferenciacich a deficitech i na 20 %
a vice. Tento spise strizlivy odhad se shoduje s
diivéjsimi zjisténimi specidlné u chmele
(Duchori, F., 1948).

Proto jsme jako péstitelé chmele
prehodnotili svoji dosavadni agrotechniku, a
to na zakladé vySe uvedenych poznatkd a
piredpokladli. Zacali jsme jiZ opatfenimi od
zakladani chmelnic, kde se vracime k hluboké
rigolovaci orbé& chmelnic pred zakladanim
chmelovych porosti. V produkénich chmel-
nicich jiZ nékolik let provadime kaZdoroc¢ni
hlubokou podzimni orbu, a to i vkombinaci
s hlubokym kyptfenim (nejdiive je na
produkéni  chmelnici  provedeno hluboké
kypreni, ndsledné pak hluboka orba).

Tam, kde pred vysadbou rigolovaci orba
neni mozZnd (zkraceny cyklus obnovy),
provadime veSkeré dostupné operace, které
ale nejsou zatim dostate¢né, nemohou zcela
nahradit velmi hlubokou rigolovaci orbu. Jsou
to velmi hlubokd orba s hnojenim, velmi
hluboké Kkyptreni saplikaci hnojiv (nebo
kombinace hluboké orby a hlubokého
kypieni).

Dale je to velmi hluboké jamkovani chmele
pted vysadbou, které by mélo pomoci
rychlému formovani korenové soustavy se
startovnim hnojenim “pod patu“ kotenace.

V dalSi Casti této prace se zeméfime na
nékteré aspekty Casti technologii pred
vysadbou chmele a technologie vysadby, kde
jsme vyvinuli nékteré vlastni postupy a
technicka =zatizeni, které reaguji na vySe
uvedna zjisténi a predpoklady.

3. ZPUSOBY, TECHNOLOGIE A
ZKUSENOSTI VE VYSADBE
CHMELE

3.1. Agrotechnika pred vysadbou

3.1.1. Kypi‘eni hloubkovym Kypiicem
bez drobiciho efektu

When growing hops this fact should be
taken into account and the whole technology of
cultivation (site selection, establishment hop-
gardens, agrotechnics) on the basis of these
assumptions should find the right starting
point. Any yield effect of the hops can be
estimated at approximately 15%, while large
deficits and differentiation up to 20 %. This
rather conservative estimate is consistent with
earlier findings, exclusively in hops cult
(Duchoti, F., 1948).

That's why we as hops growers changed
our existing agricultural technologies, based
on findings and assumptions the above. We
have already started to use new practices,
where we return to the very deep plowing hop
fields before setting up the trellis. In the hop
fields with already running production for
several years, we perform annual autumn
plowing, even in combination with the deep
tillage (inestabilished hop-gardens deep
tillage is carried out before plowing.

Where deep plowing before planting is not
possible (short renewal cycle), we perform all
operations available, but they are not yet
sufficient, they can not completely replace the
very deep plowing. These are deep plowing
with fertilizing, deep tillage with the
application of fertilizers (or a combination of
deep plowing and deep tillage) furthermore, it
is the practice of drilling deep holes for the
planting which should help the rapid
formation of the root system along with
fertilizing under the rhizomes.

In the next part of this work we focus on some
aspects of the technology used before planting
hops and planting technology itself, where we
have developed some of our own procedures
and technical devices that respond to the
abovementioned proposals, findings and
assumptions.

3 METHODS, TECHNOLOGIES AND
EXPERIENCE IN PLANTING HOPS
3.1. Agrotechnics before planting

3.1.1. Use of deep tiller without
crumbling effect



Kypreni se star$imi typy Kkyprich, které
nemaji drobici a misici efekt, povazZujeme za
agrotechnicky nedostate¢né, protoze sice
utuZené vrstvy ornice podorni¢i jsou
naruSeny, ale v podstaté jsou jen rozkrajeny
na jakési vétsi ¢i mensi “bloky”, které maji
koreny chmele velky problém prorazit a
zdarné zakotenit (obr ¢. 1). Pida a jeji horni a
spodni vrstvy samoziejmé nejsou obraceny,
pldni disproporce ve vertikdlnim obsahu Zivin
nejsou tak reSeny vibec.

Tilling with the older types of tillers that do
not have the crumbling and mixing effect we
consider agriculturally inadequate because the
compacted layer of arable topsoil is disturbed,
but it is just cut up into some sort of larger or
smaller "blocks" that have roots cannot easily
penetrate and successfully root (Fig. 1). Soil
and its upper and lower layers are of course
not mixed, soil disproportion in the vertical
nutrient content is not as resolved at all.

Obr. 1 - Kypreni hl. kypFicem bez drobiciho efektu (¥ijen 2014)
Fig. 1 - Tilling with the deep tiller without a crumbling effect (October 2014)

3.1.2. Kypi‘eni hloubkovym kypricem

s drobicim efektem

Kypftice s drobicim efektem (obr. ¢. 2) jiz
dokazi plidu rozsegmentovat do Casti, které
jiz nevadi kofenim chmelové sadby ve
zdarném pocatecnim ruistu, ptida a jeji vrstvy
jsou ve vertikdlnim sméru obraceny jen
zvelmi malé casti (uvadi se, Ze je
dosahovano maximalné 15-20 % efektu
orby, kdy pldni vrstvy jsou obraceny).
Nékteré Ziviny z hnojiv (zejména P, K, Corg),
které jsou pied operaci aplikovany, ziistavaji
jen v povrchovych vrstvach piady (do 30-35
cm).

3.1.2. Loosening depth loosener with

crumbling effect

Tiller with crumbling effect (Fig. 2) no
longer able to land cross segment into parts
that already matter roots hop propagating in
successful initial growth, the soil and the
layers are vertically inverted only a very small
part (it indicates that it is achieved a
maximum of 15-20 % of the effect of plowing
where soil layers are reversed). Some of
fertilizer nutrients (especially P, K, Corg), which
are administered before surgery, remain only
in the surface layers of soil (up to 30-35 cm).



Obr. 2. - Kypreni hl. kypri¢em s drobicim efektem (zari 2016).
Fig. 2 - Tilling with deep tiller with crumbling effect (September 2016).

3.1.3. Rigolovaci orba

0dlisné od jakéhokoliv Kkypreni jsou
ptdni vrstvy pri hluboké rigolovaci orbé
(obr. ¢ 3) dokonale obraceny a vzajemné
zaménény. Vertikalni disproporce obsahu
zivin a Corg jsou vyrovnavany (zejména P, K),
coz by jinak jakékoliv operace typu Kypreni
¢i minimalizace, velké davky hnojeni P, Corg
nemohly zabezpecit.

S relativné malym nakladem je ziskan
maximalni efekt, ktery je jinak béhem doby
zivotnosti chmelového porostu obtizné
ziskatelny. Hloubka rigolovaci orby je
vhodna co nejvétsi, co technické parametry
pluhu a agronomické vlastnosti ornice
dovoli. Limitem jsou tedy zejména:

a) Technické parametry pluhu - mezni
orebni pomér = 1,27, orebni pomér -
k = b/a, b - zdbér radlice, a - hloubka orby
(Friedman a kol, 1973), divodem je splnéni
agronomického pozadavku na obraceni,
drobeni, zaklopeni a zaménéni vrstev ornice.
U rigolovacich pluhd je uvadéno absolutni
minimum orebniho poméru k = b/a = 1-0,7,
ale za téchto okolnosti se jejich prace jiz
podoba kypricim. Technické parametry
vétsich rigolovacich pluhG tak umoznuji
dosahnout hloubky do 70-80 cm, jen zcela
vyjimecné vice.

3.1.3. Deep plowing

In comparison to any other tilling method
the soil layers using deep plowing (fig. 3) are
completely turned over and intermixed.
Vertical imbalance of nutrients and Corg are
balanced (especially P, K), which otherwise
would have any type of operation or tilling,
minimization or large doses of fertilizer P, Corg
wouldn’t secure.

With a relatively small cost we can obtain a
maximal effect, which is otherwise hardly
obtainable over the lifetime of the hop. Deep
plowing depth is suitable as far as the
technical parameters of the plow and the
agronomic properties of soil allows. Limits are
therefore particularly:

a) Specifications of the plow - limit plowing
ratio = 1,27, plowing ratio - k = b/a, b - shot
blade, and - the depth of plowing (Friedman et
al, 1973), the reason is to meet the agronomic
requirement for turning, crushing, and
swappping topsoil layers. For deep plows
absolute minimum plowing ratio k =b/a = 1-0,7
is provided, but under these circumstances,
their work resembles tillers. Technical
parameters of larger deep plows allow to reach
a depth of 70-80 cm, very rarely more.



b) Agronomické vlastnosti piidy - hlavni
bariéra je poZadavek na omezeni vynaSeni
neplodného podornici, pri rucnim
prohlubovani se  dosahovalo  hloubky
maximalné 95-110 cm (Zdzvorka, Zima, 1956).

Zasobni hnojeni organickou hmotou a
deficitnimi Zivinami by mélo byt jiZ
samoziejmosti. Vhodné se jevi uZiti kombinace
velmi hluboké rigolovaci orby (do 100 cm) a
velmi hlubokého kypreni (do 50-70 cm).

b) The agronomic properties of the soil - the
main barrier is the requirement to reduce the
discharge of infertile subsoil, while manual
labour would reached maximum depth of
95-110 cm (Zdzvorka, Zima, 1956).

The supply fertilizing with organic matter
and deficit nutrients should be commonplace. It
appears appropriate to use a combination of
very deep plowing (up to 100 cm) and very
deep tilling (up to50-70 cm).

Obr. 3 - Rigolovaci orba (fijen 2015) pred vysadbou chmele v roce 2016.
Fig. 3 - Deep plowing (October 2015) before planting of hops in 2016.

3.2. Spon vysadby chmele

Oblast jihozapadniho Rakovnicka, a tedy
k. 0. Chrastany, je zhlediska optimalni
rajonizace chmele spiSe okrajovd a to
znamena, ze i v priméru méné produktivni
neZ typické chmelarské lokality. Spon vysadby
je vyuzivan vsouladu sodbornymi dopo-
ruéenimi (Stranc, 2007) - u méné pro-
duktivnich poloh a klasické - neozdravené
sadby 280 cm x 1 - 1,15 m, u produktivnéjsich
poloh a ozdravené sadby 2,8 - 3 m x 1,10 -
1,25 m.

3.2. Intervals between plants while
planting

Region of southwestern Rakovnicko and
therefore k. 4. Chrastany is optimal in terms of
zoning hops rather marginal and this means
that on average less productive than the
typical hop locations. Intervals while planting
are used in accordance with professional
recommendations (Stranc, 2007) - for less
productive positions and classical - non-
remidiated planting 280 cm x 1 - 1,15 m, in
productive positions and remediated planting
of 2,8-3mx1,10-1,25 m.



0 vhodném sponu chmele se vedou stalé A suitable intervals of hops are in constant



Duvod:

- podporeni energie ristu Kkoreni
chmele v pocatecnich fazich,

- formovani Kofenii a nasmérovani
koienti do spodnich vrstev ornice a

podornici
- vytvoreni vysocekapacitniho
koienového systemu, ktery

zabezpec¢i rychlé, rovnomérné a
dlouze Zivotné poskytovani vynosi
chmele na daném stanovisti.

4, TECHNICKA RESENi PRO
VYSADBU CHMELE
4.1. Popis soucasného stavu

V soucasné dobé neni k dispozici Zadna
produktivni technologie na vysadbu chmele
(ale ani vinné révy a sadii) pomoci jamkovace.
PakliZze existuje, tak jen v podobé jedno-
vrtakovych stroji s pracovni hloubkou do
max. 50-60 cm, spiSe vSak do 30-35 cm.
Technologie  vysadby  chmele  pomoci
jamkovani dale trpi velkou pracnosti pri
ru¢nim rozmérovani sponu vysadby chmelnic
a nizkym vykonem, poruchovosti (sloZité a
poruchové hydraulické prevody) u 1 Cinnych
vrtakd. Neexistuje technologie ani strojni
zarizeni pro vyznaceni mist pro vysadbu
chmele, vinné révy, sadq, lest a jinych plodin.
Automatické ¢i poloautomatické sazece jsou
zatim sloZité a obtiZzné vyuZitelné pro
specifické vlastnosti chmelovych prosto-
kotennych kotenacu.

Proto jsme se v naSem podniku zamérili na
zkraceni c¢asu potiebného pro jednotlivé
operace pri sdzeni pomoci hlubokého
jamkovanti:

a) Zarizeni na vyméreni sponu vysadby
(znackovac)

Nové, originalni a zatim neexistujici zarizeni
bylo vyvinuto a v provozu ovéfeno (v provozu
2014, 2015, 2016).

b) Zarizeni na hloubeni hlubokych jamek
(jamkovac)

Vyvinuli jsme a ovérili nové, produktivnéjsi a
agrotechnicky vhodnéjsi technické reSeni pro
vrtdni  hlubokych jamek pro vysadbu
(v provozu 2015, 2016).

Reason:

- to promote energy of root growth of
hopsin the early stages,

- formation of roots and directing roots
into the lower layers of topsoil and
subsoil

- creation of high-capacity root system,
which ensures fast, even and long
lasting hops yield at a given location.

4. TECHNICAL SOLUTIONS FOR
PLANTING HOPS
4.1. Description of the status quo

There is currently no avaible productive
technology of planting hops (but not even
vines and orchards) using a drill. There are
only single-drill machines with a working
depth of up to max. 50-60 cm, but more often
to 30-35 cm. Technology of planting hops
through a drill method also suffers from high
labor input for manual marking of drilling
locations and low productivity also caused by
reliability of the machines (complicated and
faulty hydraulics) using single drill systems.
There is no technology or machinery to mark
the places for planting, including vines,
orchards, forests and other crops. Automatic
or semiautomatic planters are still
complicated and difficult to use for specific
properties of hop rhizomes.

Therefore we have in our company are
focused on shortening the time required for
each operation when planting using deep-
drilling:

a) The device for marking of plant spacing
(marker)

New, original and yet non-existent device
was designed and verified in operation (in
operation 2014, 2015, 2016).

b) Equipment for drilling deep holes

We have developed and validated a new,
more productive and agriculturally suitable
technical solution for drilling deep holes for
planting (in service 2015, 2016).



4.2. Zatizeni na vyméreni sponu
vysadby - znackovac

Zatizeni (obr. ¢. 4, 5) vyzaduje tazny
prostfedek 50-70 HP (1HP = 1kan = 0,746
kW). Obsluhu tvoii traktorista, dale pracovnik
na smeérovani vysuvné Casti znackovaciho
zat{zeni. Osadku znackovaciho zarizenf tvori 4
lidé. Dohromady je tedy zapottebi 2+4 = 6 lidi.
Denni vykon (8,5 hod pracovni doba)
znackovaciho zatizeni je kolem 3 ha (1
znackovaci cyklus = prostor “od sloupu
ke sloupu“ =45s=2x6 -8 znatek =12 - 16
znaCek). Dvéma prijezdy (tam a zpét) je
vyznackovan prostor mezi dvéma sloupovymi
fady. Znackovani se provadi pilinami. Roztec
jamek v radku nastavitelnd od 1 do 1,5 m,
spon tadkd od 2,7 do 3 m. Kotevni prostor
z ¢ela a z boku konstrukce je znackovan jesté
bez strojniho zatizeni.

4.2. Equipment for the marking of
plant spacing - The marker

The machine (Fig. 4, 5) requires traction
means 50-70 HP (1HP= 0,746 kW). The crew
consists of a tractor driver, further a
mechanical operator of the marker. The
marking crew consists of 4 people. Together
are therefore required 2 + 4 = 6 people. Daily
effectivity of the (8,5 hours working time)
marking device is about 3 ha (cycle = 1
marking space "from column to column" =45 s
= 2 x 6-8 marks = 12-16 marks). Two passes
(there and back) are required to mark out the
space between the two rows. Marking is done
with saw dust. Spacing of holes in the row
adjustable from 1 to 1,5 m, spacing of rows of
2,7 to 3 m. The anchor area of the front and
the side of the structure marking is carried out
manually.

Obrazek ¢. 4 - Znackovac - technické provedenti je registrovano a chranéno proti neopravnénému uziti na
teritoriu CR a EU.
Fig. No. 4- Hop marker - technical design is registered and protected against unauthorized use of the
territory of the Czech Republic and the EU



Vyhody:

e zvySeni denniho  vykonu oproti
klasickému zplisobu vyméiovani (asi tak
3-5 x),

*  vétsi presnost,

* operativnost.

Nevyhody:

* narocné na peclivost obsluhy,

* slozitéjsi prenastaveni rozte¢{ jamek
v fadku,

* zatim jeSté potfeba vétStho poctu
pracovnich sil (ruéni manipulace s
pilinami).

Agrotechnické pozadavky:

1. zisadné nutné vyrovnani konstrukce
sazené chmelnice do roviny pted
znackovanim (znackovaci zatizeni tuto
rovinu jiz jen kopiruje),

2. suchy znackovaci inertni material (suché
piliny) - jinak hrozf ucpavani

Organizacni pozadavky:

1. je vhodné, aby ten kdo znackuje, chmelnici
nésledné také jamkoval a sazel.

Advantages:

* increase of the daily output compared to
the classical method of marking (for
about 3-5 times)

* greater accuracy,

*  operability.

Disadvantages:

* high requirement for precision of crew
* uneasy readjustment of spacing of holes

in a row,
* currently the need for more manpower
than ultimately neccesary (Manual

Handling of sawdust).
Agro-technical requirements:

1. it is necessary for the trellis to be
precisely aligned because the machine
uses the structure as guidance

2. dry inert marking material (preferably
dry was dust) - otherwise there is a
possibility of clogging

Organizational requirements:

1. itis appropriate that whoever marks to also
carry out following operations ie. Drilling
and planting.

Obr. 5 - Znackovani jamek (fijen 2014).
Fig. 5 - Marking holes (October 2014).



4.3. Zarizeni na hloubeni hlubokych

jamek - jamkovac

4.3. The equipment for digging deep
holes - the four-piece drill

Obr. €. 6 - Jamkovac - technické provedeni je registrovano a chranéno proti neopravnénému
uZiti na teritoriu CR a EU.
Fig. 6 - Hop dril - technical design is registered and protected against unauthorized use of the
territory of the Czech Republic and the EU

Strojni zafizeni (obr. ¢. 6 - 10) vyZaduje
taznou silu minimalné 90 HP (1HP = 1 kan =
0,746 kW), obsluhu tvot{ dva lidé. Pfi sméné v
délce 8,5 hodiny dokaze souprava zabezpecit
jamkovani 3000 jamek (1 cyklus = 4 jamky
hluboké 80-90 cm = 38 sekund), coz je asi
kolem 1 ha
prodlouzené sméné (10,5 hod) a po zacviceni
obsluhy (1 cyklus = 4 jamky hluboké 80-90 cm
= 30 sekund) dokaze strojni souprava zajistit

vysazeného chmele. Pri

ptipravu pro vysadbu 1,3-1,5 ha. Vyssi vykony
jiZ nejsou vhodné s ohledem na ptipadné
snizeni kvality prace (mensi hloubka jamky,
zlomeni nebo ohnuti osti{ vrtaku).

Machinery (Fig. 6 - 10) requires pulling power
at least 90 HP (1 HP = 1,746 kW), crew consists
of two people. During a shift of 8,5 hours the
machine can dril 3000 holes (1 cycle = 4 holes
80-90 cm deep = 38 seconds), which is about
about 1 ha prepared for planting. During an
extended shift (10,5 hours) and after the crew
is familiar with the machine (1 cycle = 4 deep
wells 80-90 cm = 30 seconds) the machine can
prepare 1,3-1,5 hectares for planting. Higher
output is no longer appropriate with regard to
possible reduction in the quality of work
(smaller depth of the hole, breaking or bending
of the drill).



Obr. 7 - Vrtani jamek (fijen 2015).
Fig. 7 - Drilling of holes (October 2015).

Pfi nizS§im poctu jamek v prostoru mezi

sloupy nez 2 x 4 = 8 (tedy tfeba 4+2 = 6 nebo

4+3 = 7) se tato oprace resi prostym sejmutim

vrtaki a jednou jizdou na plny zabér a druhou

jizdou na 2-3 vrtaky.

a)

b)

Chmelni¢ni blok je tedy zpracovavan :

Bez nastavovdni ostri jamkovace - 1.

jizda 4 (3) jamky + 2. jizda 4 (3) jamky

(obr.7,8,9)

S nastavovdnim ostri jakmovace - 1. jizda
4 (3) diry + 2. jizda na 3 (2) jamky, to
znamend nejprve 1. jizdu po celém
chmelni¢nim bloku s plnym poctem ostii a
druhou jizdu se sejmutym ostfim a jiz s
redukovanym poctem ostii (obr. 10)

A lower number of holes in the space

between columns than 2 x 4 = 8 (for example
4 +2 =6o0r 4+ 3 =7) with the machined can be
solved by simply removing the drill on one pass.

a)

b)

Hop block is therefore processed:

Without adjusting of drills - 1st Run 4 (3)
holes. Second pass 4 (3) holes (Fig. 7, 8, 9)
With adjustment of drills - 1st Run 4 (3)
holes + Second pass 2 to 3 (2) holes, this
means first pass around the block with a
full set of drills and the second pass with
detached a detached drill (Fig. 10).



Obr. 8 - Vrtani jamek (¥ijen 2015).
Fig. 8 - Drilling holes (October 2015).

NN -

Obr. 9 - Vrtani jamek (fijen 2015).
Fig. 9 - Drilling holes (October 2015).



Ostri vrtakG (tvar, sklon, uhel, sifka
Sroubovice) bylo vypocitano a zkonstruovano
“na  miru” pldnich podminek podniku,
ovérovany byly i jiZz pouZivané “jednocinné”
vinicni a sadové vrtaky. Vlastni konstrukce
vrtaku (ostii, $ifka, sklon) je lepsi, nez drive

uzivané.

Blade drills (shape, slope, angle, width of
helix) was calculated and designed in
accordance to soil conditions of the company,
and has been verified using "single drill"
vineyard and orchard drills. Custom design drill
(blade width, slope) is better than previously
used.

Obr. 10 - Vrtani jamek (listopad 2016).
Fig. 10 - Drilling holes (November 2016).



Vyhody:

kvalitni, doste¢né Sirokd a hluboka
(miniméalné 60 cm, spiSe vSak 80-90 cm)
jamka,

relativné velky vykon, témér 100 %
vzchazivost chmele,

rozruSenf{ spodnich orni¢nich a
podornic¢nich zhutnélych vrstev,

spravné formovani chmelové babky -
jamky se na jare ptisttho roku mirné
propadaji (8-15-20 cm pod okolni rovinu)
a vytvorena jamka schraiiuje vodu a tvoii
ochranu vzchazejiccho chmele pred
suchem a zvéri,

technologie je vyuzitelnd jak za velmi
suchych podminek (rok 2015 - obr. ¢. 7-9),
tak i za mokra a pfi ¢astecné zmrzlé ptadé
(rok 2016 - obr. ¢. 10).

Nevyhody:

zlamovani ostfi vrtakl pti narazu na staré
dlazdice pod jiz odstranénymi sloupy (pii
rychlé obméné konstrukce),

obecné naroc¢né na peclivost obsluhy.

Agrotechnické pozadavky:

1.

vyvarovat se  zejména  “utopeni”
chmelovych kotenacl (riziko pozdniho ¢i
nekompletniho  vzchazeni, chmelova
babka pak pomalu - asi 3-4 roky - dortsta
na své misto a mize dojit ke sniZeni
vynosu - po dobu doristani se babka
stale formuje (krouzZivym pohybem od
spodnich vrstev do kone¢ného umisténi,
daného rezem a kultivaci).
Samoziejmosti musi byt aplikace
komplexniho hnojiva (sloZeni dle rozbort
a potieby pidy - osvédceny kombinace P,
N, K, Ca, Mg a stopovych prvki) "pod patu
kotenace” (davkovani a aplikace dosud
jen “rucni”).

Nejprve je do predvrtané jamky
aplikovdno hnojivo, pak je kotenac
"podsypan” vyvrtanou zeminou, na takto
vzniklou vrstvu polozen, podrzen ve
spravné hloubce a nasledné zasypan tak,
aby byl 10-15 cm pod okrajem okolniho
terénu.

Advantages:

quality, wide and deep enough (at least 60
cm, but rather 80-90 cm) hole,

relatively high performance, almost 100%
germination of hops

agitation of bottom soil and sub-plow
layers,

proper formation of rhizomes - holes in the
spring of next year slightly collapse
(8-15-20 cm Dbelow the surrounding
plains) and forme a hole that holds water
and forms protection for germinating hop
against drought and deer,

technology is applicable both in very dry
conditions (2015 - Fig. 7-9) and wet and
with partially frozen soil (2016 - Fig. 10 ).

Disadvantages:

drills can be damaged by old concrete
slabs used under the old poles
general intensive service care

Agro-technical requirements:

1.

to avoid in particular the "drowning" hop
rhizomes (the risk of late or incomplete
emergence, hop rhizome then - about
3-4 years - grows into place and may
reduce yield - the rhizome dring
germination still forms (circular motion
from lower layers into final position set by
cultivation and cutting).

Neccesity of  application of complex
fertilizer (composition according to
analyzes and soil needs - a proven
combination of P, N, K, Ca, Mg and trace
elements) "under the rhizomes" (dosage
and application by hand").

First, in the pre-drilled the fertilizer is
applied, the holes needs to be partially
filled with soil, so the rhizome laid on this
layer is held and then the hole is filled in so
the rhizome is burried 10-15 cm under the
terrain.



Organizacni pozadavky:

1. pro zasizeni 1-1,5 ha (po normalnim
denim vykonu 4 vrtaku) je potreba 8-10
lidi (rozdéleno do 4-5 skupin po 2 lidech)
jen na vlastni sdzeni chmelovych kotenact
do ptedvrtanych jamek.

2. Velmi se osvédcil systém presné evidence,
kde ktera dvojice sazela (chmelnice na ose
x a y ocislovdna a rozdélena na pole),
nasledné motivovani specidlni premif po
vzejiti kofenace (mzdovy tarif kostruovan
jako kombinace sazby za 1 hod, za 1
vysazeny kotenac, za 1 vzejity korenac).

3. Vyhodnocovani se provadi ve 4.-5. mésici
nasledného roku a prémie (velmi
motivacni) je pracovnikiim vzdy korektné
vyplacena (nebo i kracena).

5. ZAVER

5.1. Vertikalni diference obsahi Zivin
- vertikalni méreni obsahu Zivin
v horizontech 0-15, 15-30, 30-45, 45-60, 60-
75, 75-90 cm prokazalo u P, K a obsahu Corg
vyzmané nerovnomeérnosti v neprospéch
spodnich ptidnich horizonti.

5.2. Prostredky k odstranéni
vertikalnich diferenci zivin - vyznamnym
prostifedkm pro odstranéni nerovnomérnosti
obsahi zivin u chmele je cilena agrotechnika -
orba, velmi hluboka rigolovaci orba a cilené
zplisoby aplikace P, Ka Corg.

5.3. Vertikalni diference obsaht Zivin
a vysadba chmele - jednim z vyznamnych
prostifedkii k odstranéni nerovnomérnosti
obsahi zivin, k zajisténi silného korenového
systému chmele je zpisob zakladani chmelnic,
specidlné pak hluboké jamkovani v hloubce
60-90 cm pri Sifce jamky 30 cm.

5.4. Zatizeni na vymeéreni sponu
vysadby - byla vyvinuta a v provoznich
podminkach 2014, 2015, 2016 ovéfena nova
technologie pro znackovani chmele pred
vysadbou jamkovanim - zafizeni na vyméreni
sponu vysadby (znackovac). Denni vykon pri
znackovani  chmelnice pred vysadbou
jamkovanim je 3 ha, jako znackovaci medium
jsou pouzivany dievéné piliny.

Organizational requirements:

1. To plant 1-1,5 hectares (after normal daily
performance of 4-piece-drill) 8-10 (4-5
teams of two) people are required to plant
the rhizomes themselves.

2. A precise record systém where a team was
planting (x and y axis of the trellis
numbered into blocks), subsequent
motivational rewards for germination rate
of hops (wage scale as a combination
hourly rate, number of planted rhizomes
and number of germinated rhizomes).

3. Evaluation is done in 4.-5. month of the
following year and subsequent premium
wage (very motivational) is always
correctly paid to workers (or shortened).

5. CONCLUSION

5.1. Vertical difference nutrient
content - vertical measurements of nutrient
content in horizons 0-15, 15-30, 30-45, 45-60,
60-75, 75-90 of P, K and Corg proved unequal
deposition to the detriment of the lower soil
horizons.

5.2. Means for removing vertical
differential nutrients - important mean to
eliminate inequality nutrient content of the
hops is targeted agrotechnic - plowing, deep
plowing and targeted ways of P, K and Corg
deposition.

5.3. The  vertical difference of
nutrients and planting hops - one of the
important means to eliminate inequality in
nutrients and to ensure strong root systém is a
way of builing hop fields, especially the deep
drilling to a depth of 60-90 cm and a 30 cm
wide hole.

5.4. Equipment for the marking of plant
spacing - was developed and proved under
operating conditions in 2014, 2015, 2016 ( the
hop marker. Daily performace of marking the
hop field before drilling is is 3 hectares,
sawdust is used as a marker.



5.5. Zatizeni na hloubeni hlubokych

jamek - byla vyvinuta a v provoznich
podminkach roku 2015, 2016 ovéfena nova
technologie pro jamkovani - =zafizeni na

hloubeni  hlubokych jamek (jamkovac).
Jamkovac¢ mutze vytvorit najednou az 4 jamky
Denni vykon je 1-1,5 ha hlubokych jamek pro
vysadbu chmele.
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