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VARIABILITY, HERITABILITY AND INTERRELATIONSHIPS
IN THE MORE IMPORTANT PROPERTIES OF HOP CONNECTED
WITH THE MECHANIZATION OF HARVESTING AND PROCESSING

Marian Milczak

INTRODUCTION

The adaptation of varieties to mechanized harvesting is an important
direction in contemporary breeding of all plants, and also of hop. Excep-
tional delicacy of the harvested raw material (cones) and the short pe-
riod of its technological ripeness create the necessity of including in the
process of selection the properties that did not play a greater role in
hand harvesting. An ideal for combined harvester harvesting variety ot
hep should be characterized by a weak binding of cone to sprout, high
elasticity of cover leaves, and by spherical cones of mean size. Before
the process of methodical breeding will succeed in obtaining forms oi
the optimum level of all these peoperties simultaneously, we should
collet information about the variability range in a population for each of
them separately. It is also necessary to get to know their interrelations
with other properties of economic significance and to determine the in-
teraction between a genotype and the environment.

The aim of the present work was the evaluation of the variability
and interrelations of some physical axd economic properties in a mixed

population of hop.

MATERIAL AND METHODOLOGY

The experimental material was constituted by 90 plants of hop of
cross-breeding origin (cv. Northern Brewer X Polish variety) in the
3rd-4th year of crop yielding. The plants were cultivated on soil derived
from loess, at the distances 3 X 1.5 m. From the numerous investigated
properties in the paper are included only those that are connected with
either the mechanization of harvesting or are of significance for the

brewing industry.
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Samples for measurements were takne in the period of technological
ripness of cones. The force of cone to sprout binding and the thickness
and length of petiole were determined on the basis of 40 measurements
from a plant; biometric measurements of dry cones were made in 10
repetitions.

The equipment used: the force of cone to sprout binding was determi-
ned with the application of an electromagnetic micropicker [1] content
of o acids was determined conductometrically.

Results from the period 1974-1975 were worked out statistically, cal-
culating for the whole population the following parameters: a) arithme-
tical means, b) coefficients of variability, c) coefficient of linear corre-
lation between the years, d) coefficients of regression between years
(repetitiveness coefficients), e) linear coefficients between all the pro-
perties within each year. The calculations were made by the Institute of
Numerical Methods of Agricultural Academy in Lublin.

\

PRESENTATION OF RESULTS

The presented in Table 1 values of the basic statistical parameters
describe the level of the properties, their variability and repetitiveness
in the years. From the breeder’s point of view particular attention is
drawn to three properties: the force of cone to sprout binding, the con-
tent of « acids, and the participation of torus in the weight of cone. The
common property of these features is the relatively low interaction of
genotype with the environment, the expression of which are the hig-
hest, within the group of investigated properties, coefficients of corre-
lation (0.42-0.50) and regression (0.43-0.55) between the years. This in-
creases considerably — in relation to other properties — the probability
of adequante choice of desired genotypes, already after a single testing
of the population. Without any greater risk of making a mistake we can
assume that the calculated coefficients of regressicn determine the upper
limit for the heritability coefficients (bxy =~ h?). At such a degree of he-
ritage determination of properties the obtaining of a significant breeding
advance as a result cf selection should not pose greater difficulties.

The degree of interdependence between the investigated properties is
presented by the correlation coefficients compiled in Table 2. All the
values r exceeding 0.207 are to be considered as significant, with the
orror margin of 0.05. From the presented results attracts attention the
relatively high correlation between the force necessary to pluck a cone
and the thickness of petiole (0.829 in 1974 and 0.369 in 1975). Since, ho-
wever, this last property shows low heritability (h? = 0.214) it cannot
Serve as a sure marker at the indirect evaluation the susceptibility of
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Table 2
Correlation indexes in 1974 and 1975
Property Property number*
numbec* 1 2 3 4 5 6 7 8
1 — 0.829 0.241 0.206 —0.014 —0.300 —0.276 0.180
2 0.369 — 0.301 0.285 0.019 —0.349 —0.303 0.145
3 0.346 0.005 == 0.270 0235 —0.319 —0.005 0.092 |
4 0.366 0.275 0.321 —  —)16% —0470 —0.114 0.147 |2
5 0278 —0.159 0.185 —0.230 — —0.252 0.140 0.064 I¢g
6 —0.428 0.185 —0.386 —0.278 —0.425 — 0.063 —0.170 | &
7 0.101 —0.016 0.089 0.2868 —0.060 —0.135 - 0.144
8 0.205 0.175 —0.002 0.492 —0.125 - 0.130 0.314 —

rxy 11 1975

* According to the sequance enumerated in Table 1.

cones to plucking. The properties characterized by the highest heritabi-
lity (vide Nos 1, 5 and 8 in Table 1) were not correlated to each other
(rxy negligible or diverse in the years). This phenomenon is very favou-
rable for the breeding of new varieties. At a proper choice of the parent
components there should occur in F, phenotypes of optimum level of
each of the properties in question.

The economic value of a variety is to a considerable degree determi-
ned by its crop yielding potential. This property (No 7 in Table 1) in the
investigated population was characterized by very high phenotypic va-
riability (W = 43-53%), the lowest heritability (h? = 0.06) and a lack
of unequivocal correlation with the other investigated properties.

DISCUSSION

The model of a variety well adapted for mechanized harvesting com-
prises many properties. According to Skladal (1974) none of the eighteen
varieties investigated by him corresponded to the ideal model: the closest
to the theoretical standard was the Yakima variety. One of the proper-
ties of considerable significance for the discussed direction of breeding
is the susceptibility of cones to plucking. The reports of Zaorski [4] and
Panas [2] point to considerable differentiation of varieties in respect of
this property (2.6-5.3 N).

In the investigations of Szot and Milczak [1] the range of this pro-
perty in 25 singles of hop varied from 1.6 to 4.2 N. This range was con-
firmed also in the present work, on much more numerous material (90
singles), and the mean value was in the range 2.5-3.5 N. The property
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in question does not show correlations with other properties of economic
significance (crop yield, technological value), which greatly facilitates
the programming of breeding of ideal models of varieties, which are

awaited both by the producer of raw material, and by the brewery in-
dustry.
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M. Milczak

ZMIENNOSC, ODZIEDZICZALNOSC I WSPOLZALEZNOSC WAZNIEJSZYCH
WEASCIWOSCI CHMIELU WIAZACYCH SIE Z MECHANIZACJA ZBIORU
I PRZETWORSTWEM

Streszczenie

Znajomo$é zakresu zmienno$ci cech waznych gospodarczo oraz istotnych dla
mechanizacji, ulatwia hodowcom wyprodukowanie odmian dostosowanych do wspoi-
czesnych wymogéw technologii uprawy i zbioru. W literaturze polskiej brak jest
badah nad zmiennoécia i odziedziczalno$cig cech ilo$ciowych w populacjach mie-
szancowych chmielu. Wstepne prace na ten temat podjeto w Instytucie Hodowli
Roélin w 1974 roku. Material eksperymentalny stanowilo pokolenie pierwsze (F.)
kombinacji krzyzéwkowej: cv. Northern Brewer X 4 krajowy. Badiania prowadzo-
no na 3—4 letnich roélinach (90 osobnikéw zenskich). Z licznych badanych cech uw-
zgledniono w opracowaniu tylko te, ktére wiazg sie badz to z mechanizacja zbioru,
badz tez sa istotne dla przemystu piwowarskiego. Byly to cechy nastepujgce: 1)
sila statyczna niezbedna do oderwania szyszki od pedu, 2) grubo$¢ szypulki, 3)
masa 100 szyszek, 4) wskaznik zbitoSci szyszki, 5) udzial osadki;w masie szyszki,
6) masa zielonych szyszek z 1 pedu rosliny, 7) zawarto$é kwasoéw w suchej masie
szyszek.

Zmiennoéé fenotypowa wymienionych cech byla w badanej populacji zblizona
do rozkladu normalnego. Na podstawie 2 letnich wynikéw wyselekcjonowano po-
jedynki odznaczajgce sie duzg podatno$cia szyszek na zrywanie, a przy tym plenne
i o dobrej jako$ci surowca.
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M. Muavuax

U3MEHYMBOCTDH, HACJIEILVEMOCTDb I BBAVMMO3ABUCHUMOCTD
BAJKHEVIIINX KAYECTB XMEJIA, CBASAHHBIX C MEXAHU3AIIIE)I CBEOPA
I IEPEPABOTKOM

Pe3dwwme

3Had mnpeaeabl M3MEHYMBOCTY KadecTB, BaXKHbIX B XO3AMCTBEHHOM OTHOLUIEHUN
Y CYLUIeCTBEHHBIX IJIA MeXaHM3almy, PacTeHMEeBOAbl Jierde BBIBOLAT COpPTa, ITPMCIIO-
cobJieHHble K COBPEMeHHbIM TpeDOBaHMAM TEeXHOJIOMM BbIpalllMBaHuMA u cbopa.

B noabcKoil JIMTepaTrype OTCYTCTBYIOT MCCHemOoBaHMA WM3MEHYMBOCTM MHACHeAy-
eMOCTM KOJMYEeCTBEHHBLIX CBOJMCTB B TMMOPUAHBIX IOMYyJIALMAX XMelda. llpeaBapuresb-
Hble paboTbl IO 9TOIl TeMe OblIM IPENIPUHATHI B VIHCTUTYyTEe PacTeHMEBOACTBA B
1974 r. OmnbITHLIM MaTepuaJioM SABJIAJNOCH neppoe nokodeHme (F;) komOuHammm mpHu
ckpeimnuBauum: cv. Northern Brewer X 4 orewecTBeHHbI. ViccnegoBaHus BeJgMChb Ha
3-4-nerEux pacreHuax (90 xeHckmux ocoberr). VM3 MHOMMX HMCCIeAyeMbIX KadyecTB B
HacTOALell y4TeHbl JMIUb Te, KOTOopble CBA3aHbI JIMmbO ¢ MexaHm3aumen cHopa, anbdo
ABJAIOTCH CYLLECTBEHHBIMY IJIA NMBOBAPEHHON IIPOMBILIJIEHHOCTU. DTO ObLIM CIexy-
IolMe KadecTBa:. 1) craruyeckKas cuia, Heobxogmmas IJIA OTPbIBA IUMIUKM OT IIO-
Oera, 2) TOJILMHa HOXKIU, 3) macca 100 muinek, 4) norasaTesb IJIOTHOCTHM LUMIIKM,
5) yaeJ CTep:KHs B Macce ILUMILKM, 6) Macca 3eJeHbIX MIMIIEeK ¢ 1 mobera pacTeHNus,
7) comepixKaHue ¢-KMCJIOT B CyXOM Macce LUMIIeK. ‘

degoTunMyeckass M3IMEHYMBOCTb YIIOMAHYTBIX CBOMCTE Oblla B MCJIEAYEMOM I10-
nynasauuy 6am3ka K HOpMaJbHOMY pacrnpenenenmio. Ha ocHOBaHMM 2-JETHUX PE3YJIb-
TaTOB ObINM OTOOpPaHbl €AMHUYHBbIE 9K3IEeMILEAPBI, OTAMYAKILMEecs ITOBBILIEHHOM CpPbI-
BaeMOCTBIO LIMILEK, a IIPUTOM YPOIZKAalMHbIe M C XOPOLIMM KadyeCTBOM ChIPbA.
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