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Abstract

Examination of heritability of vyield and yield components of
autochthonous populations of Jerusalem artichoke was conducted in the
experimental field of the Agricultural Institute in Banja Luka during 2015 and
2016. The trials were set up in four replications with ten populations of
Jerusalem artichoke in the late October 2014. During the study, the following
parameters were observed: plant height, number of stems per plant/clone, stem
thickness and dry matter yield per plant/clone. Population Razboj had the
highest yield of dry matter per plant/clone. In the first year, the population of
Iri¢ baSta had the largest number of stems per plant/clone. Broad sense
heritability for plant height and number of stems per plant/clone indicates
intermediate hereditary traits. A significant positive genetic correlation between
yield of dry matter and plant height was determined.

Key words: Jerusalem artichoke, yield, heritability, plant height, stem
thickness

Introduction

Jerusalem artichoke originates from America, from where it was
brought to Europe in the beginning of the seventeenth century. It belongs to the
Asteraceae family.
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Botanically speaking, it is an annual plant, but is considered as a
perennial species due to the tubers retained in the soil with the ability to provide
new plants (Eri¢ et al., 2004). Jerusalem artichoke has a high yield potential and
a wide possibility of applications. It could be used as a forage species in a form
of green mass or silage. Tubers can be used for human consumption. There is
an increasing interest in processing by chemical and pharmaceutical industries.
Jerusalem artichoke is one of the most important crops for the industrial
production of inulin (Kays & Nottingham, 2008). Herbal etheric oils and its
extracts are used in medicine, for food conservation and natural therapies.
Helmi et al. (2014) conducted a study in Ukraine, which for the first time
evaluated the content of etheric oils in the leaves and tubers. According to Yuan
et al. (2012), the leaves of the Jerusalem artichokes can be a significant source
of natural antioxidants. The Jerusalem artichoke is an interesting culture that
has a potential as a Bioenergy crop for bioethanol production because it is fast
growing and has a high biomass production (Long et al. 2016). Above-ground
parts fresh or fermented, may also be used for biogas production and dry matter
for direct burning or for the production of briquettes and pellets (Majtkowski,
2003; Stolarski, 2004).

The Jerusalem artichoke is a particularly interesting plant species for
cultivation in hilly mountain areas for the production of green forage or silage,
as well as for tubers, that can be used as a winter fodder. Although it has a great
adaptability to various growing conditions, the Jerusalem artichoke are grown
sporadically, mainly as an ornamental plant, and more recently for the
production of animal feed. In Bosnia and Herzegovina, it occurs in arable land
as weed and causes a serious problem being considered an invasive plant
species. In nature, it can often be found along rivers and stream banks, roads,
forest edges, embankments and in deserted areas.

The aim of this study was to evaluate the production potential for the
autochthonous populations of Jerusalem artichoke collected in the Republic of
Srpska.

Material and Methods

The study of autochthonous populations of Jerusalem artichoke was
carried out at the experimental field of the Agricultural Institute of the Republic
of Srpska in Banja Luka during 2015 and 2016.

The vegetative material was collected in the wider area of the Republic
of Srpska and identified as populations Razboj, Dolina, KneZevo, Deli¢a njiva,
Trn, Jakes, Iri¢ basta, Nasip, Ciglana and Zupa. Tubers were planted in rows at
a distance of 70 cm, with a distance of 50 cm between rows.

96 Agroznanje, vol. 18, br. 2, 2017, 95-107



The planting depth was 10 cm. The experiment was designed in four
replications in a randomized block design. Weight of tubers planted ranged
from 25 to 82 grams.

The planting was done in the late October of 2014. NPK (300 kg hain
the 15:15:15 form) was used to prepare the experimental field. In both years
plants were fertilized with 100 kg ha™® KAN (27% N) at the plant height of 35 -
40 cm. During these studies several parameters were analyzed: plant height
(cm), a number of stems per clone (plant), stem thickness (cm) and dry matter
yield per clone (kg). Obtained results were evaluated using analysis of variance
(ANOVA), and for each property the sum of squares, mean squares and error
was determined.

Heritability coefficients were determined for relevant properties based
on the relation of genotypic and phenotypic trait variances. The model was
applied to desegregate the entire variance in components, where values of MS
(medium square) were taken as MS over two years of testing, i.e. as values of
repetition in time. Measured phenotypic values are not inherited entirely. A part
of the phenotypic variability generated under the influence of external factors,
pertains solely to the generation analyzed. Only generic variability of property
analyzed is transferred to the next generation. If the genetic variability of a
property is high, there is a greater possibility that these properties would be
transferred to the next generation. The relation between genotype and total
phenotypic variances represents heritability in a wider sense.

Tab. 1. The model of desegregation of phenotypic variation in single-factorial
experiments (Eberhart & Russell, 1966)
Moden pacmasmarea Genomuncrkoe eapuparba y jeoHOopaxmopujanrHum
oeneouma

Source of variation
H3zeop sapujayuje
Repetition (R)
Tlonasmwarwe
Genotype (G)
Tenomun
Error (E)
I'pewxa

Df Msizr Msoc’

R-1 MSr o2 +G-c}
G-1 MSc o2 +R-c}

(R-1)-(G-1) MSe o2

According to this model, the following variances are separated:
o2 =MS; ; 65 =(MS; —MS.)/G ; 63 =(MS; —MS¢)/R.
Total phenotypic variance is: o =4 +o2/R. Heritability in a wider
sense (Borojevi¢, 1986): h? =(o3 / 2 )-100 (%).
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Based on the obtained coefficient values, it is possible to calculate the
potential genetic gain from the selection of each analyzed parameter.

G =k x Sk x H, where:

- k is a value which includes a selection differential containing a
medium genotypic value of q selected strains and an initial strain of
populations, phenotypic standard deviation and selection intensity, i.e. the
percentage of plants selected for conceiving the next generation (g/n). Since “k”
is expressed in standard deviation values, it is slightly changed and mainly
depends on the selection intensity. At the selection intensity of 10%, value “k”
is 1.76.

- Sr is the phenotypic standard deviation from medium values of the
property to which a selection is conducted of an initial strain.

- H is a coefficient of heritability obtained from the relation between
genetic variance and total phenotypic variance.

To determine dependencies on the examined properties, the Pearson’s
coefficient of correlation was carried out between yield components and dry
matter yield of the Jerusalem artichoke populations studied.

The experimental fields at the Agricultural Institute of the Republic of
Srpska, where the experiment was conducted lay on a valley-brown soil, being
alluvial substrate of Vrbas river belonging to the clay-loam group. The results
of the chemical analysis of the experimental field’s arable layer are shown in
Table 2.

Tab. 2. Results of chemical analysis of the soil
Pesyrimamu xemujcxe ananuse opanuunoz cioja 3emmpuuima

Depth | Humus , in ket lmar PZOSf it ma/ KgOf .
Tiv6una | Xymye pH in H.0|pH in KCI|mg/100g of soil|{mg/100g of soi
{cm) % pHy H20 | pH y KCI mg/100g mg/100g
Iemobuuima Iemsbuuima
0-30 1.9 7.9 6.9 20.3 16.1

Regarding pH, the soil is alkaline with low humus content. The
provision of the exchangeable phosphorus is good, while the presence of
potassium in the soil is moderate. Based on the results of the soil chemical
analysis, it can be concluded that the experimental field is suitable for the
cultivation of Jerusalem artichokes.

For the analysis of weather conditions, meteorological data from
meteorological stations of Banja Luka were used (Table 3). The average value
of temperature for the period from 1961 to 2013 was 17.6 ° C.
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The total amount of precipitation in the vegetation period (I\V-1X) for
the same period was 566.7 mm.

Tab. 3. Average temperatures (°C) and precipitation (mm) in Banja Luka for 2015 and 2016
Ipocjeune memnepamype (°C) u nadasune (mm) 3a barwa Jlyxy y 2015. u 2016. 200unu

Month / Mjesec v \Y Vi VIl | VI IX | X#/ZH*
Temperature °C (2015) N
Tevmepamypa °C (2015) 121 | 178 | 20.8 | 246 | 23.7 | 179 | 195
Temperature °C (2016) .
Texnepamypa °C (2016) 135 | 16.2 | 215 | 233 | 205 | 178 | 188

Temperature °C (1961-2013)

Termepamypa °C (1961-2013) 11.2 | 161 | 19.7 | 21.3 | 208 | 16.3 17.6

Precipitation mm (2015) ok
Iadasure mm (2015) 13.0 | 1130 | 17.0 | 26.0 | 106.0 | 41.0 | 316.0

Precipitation mm (2016) ok
Iadasue mm (2016) 70.5 | 100.6 | 117.8 | 125.9 | 100.2 | 63.2 | 578.2

Precipitation mm (1961-2013)

Iadasune mm (1961-2013) 894 | 93.6 | 112.0 | 925 | 859 | 93.3 | 566.7**

*X -average. **X-sum.

Average temperatures for both examined years during the growing
season were higher, compared to the many-year average. During the first year
of the experiment, the precipitation was lower by 250.7 mm compared to the
many-year average and in 2016 higher than the many-year average.

Results and Discussion

For successful breeding of any plant species, it is necessary to know
their genetic potential, the structure of the genetic and phenotypic variance,
heritability and interdependence of functionally related traits. The variability
and heritability of several quantitative traits of Jerusalem artichoke were
analyzed in this study (Table 4). Statistically significant differences in all
parameters measured during the study were confirmed. Statistically significant
difference among populations was found for the plant height while the other
characteristics did not show this trend.
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Among the factors observed during this study, the interaction effect has
not been determined. For this reason, the conclusions were obtained using basic
parameters.

Tab. 4. Analysis of variance for the observed traits
Ananusa eapujance npahenux ocoouna

Traits / Ocobune
Source of Dry matter Stem Stem Plant
variation / yield/plant | number/plant | . heigh
Wssop Ioutioc oyee bpoj thickness eight
opu. df ) Hebmuna Bucuna
sapujayuje mamepuje/ cmabouxa/ emabrbiike Gubie
oumyU ouvyu
Treatment / 19 e ok *k ok
Tpemman
Year / 1 . Ho ke Hx
Toouna
Populanon; 9 ns ns ns -
[Honynayuje
Populations x
Year
. 9 ns ns ns ns
Illonynayuje x
Toouna
Error/ 60 1.49x106 5.27x10 1.96 2.32%104
I'pewxa
Tol /gy | 112x107 | 3.47%10% 78.6 256*10°
Yxynuo

ns (P> 0.05), ** (P <0.01)

The significance of differences among the populations of Jerusalem
artichoke was analyzed by Duncan's post-hoc test (Table 5).

The difference in plant height among genotypes was only found in
2015. The Zupa population had statistically significant difference in plant
height during the first year compared to Dolina, Trn, Jake§ and Ciglana
populations. Plant height varied from 168.5 cm (Dolina) to 217.5 cm (Ciglana)
in the 2015 growing season. In 2016, plant height was slightly lower, ranging
from 141.8 cm (Jake$) to 184.3 cm (Razboj). Ragab et al. (2003) obtained
similar results. They found that plant height of Jerusalem artichokes ranged
from 1.20 to 2.30 cm. Liu et al. (2012) concluded that the Jerusalem artichokes
plant height varied from 227 cm and 343 cm in the province of Gansu, China.
Puttha et al. (2013) concluded that plant height of Thailand varies from 41.1 cm
to 112.7 cm (average 70.1 cm).
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The thickness of the stems in this study ranged from 0.80 cm in 2016
(Trn, Zupa) to 1.18 cm (KneZevo) in 2015. According to Puttham et al.
(2013) measured values of the thickness of the stems were lower than in this
study and ranged between 0.41 cm and 1.11 cm. (average thickness was
0.66 cm).

Tab. 5. Average values for observed traits of Jerusalem artichoke populations in
2015 and 2016

Ipocjeune spujedonocmu ucCnUMUBAHUX OCOODUHA NONYIAYUJA UYUHOKE Y
2015. u 2016. coounu

Dry matter Stem number Stem
yield per plant per plant / thickness / Plant height /
Population| Ilpunoc cyse bpoj Hebwuna Bucuna
Ionynayuja| mamepuje no cmabmuxa cmabmuxe ousmke (Cm)
oumyu (Q) no oumsyu (cm)
2015 2016 | 2015 | 2016 2015 | 2016 2015 2016
Razboj | 232.58 | 643.3A | 3.08 | 95.84 | 0.97” | 0.94B | 204.3%B | 18438
Dolina | 150.08 | 424.8% | 4.38 | 83.0A | 1.02A | 0.95B 168.5¢ 159.58
KneZevo | 167.58 | 436.04 | 2.88 | 91.3* | 1.18~ | 0.85% | 198.3ABC | 148,58
1?];1\1/? 153.88 | 42537 | 3.0° | 89.5° | 1.05A | 0.958 | 189.8%EC | 147.58
Trn 145.08 | 397.5~ | 2.88 | 76.5* | 1.06” | 0.80% | 184.3%C | 166.58
Jakes 172,58 | 432,32 | 3.88 | 90.3* | 1.00~ | 0.89% | 173.3%C | 141.88
Irica B A B A A B ABC B
basta 181.3° | 445.3 4.8 79.8 1.00 0.86 189.3 1715
Nasip 172,58 | 4455~ | 3.08 | 69.84 | 1.07~ | 1.03B | 191.878C | 170.08
Ciglana | 143.8% | 444.0A | 3.38 | 90.0* | 0.95A | 1.02°" 170.3¢ 149.08
Zupa 185.08 | 485.0° | 3.08 | 89.0" | 1.09A | 0.808 | 2175 | 181.8%
AVErage | 170 48 | 457,94 | 3.48 | 8554 | 1.04% | 0.91° | 18874 | 162.0°
IIpocjex

ABC.- Values denoted by the same letter are not significantly different at the p=0. 01 level of probability
(Duncan's Multiple Range Test).
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According to our results, the average number of stems per plant/clone
was 3.4 in 2015. Le Cochec (1990) reported on average 2.9 stems per plant in
the first year. These values are much lower compared to the results in this
study. There was no significant difference in the yield of dry mass per plant
among examined populations of Jerusalem artichokes. There was no significant
difference in the dry mass per plant yield among populations of Jerusalem
artichoke in our study.

Significant variations in the tuber characteristics and yield between
varieties and hybrids of Jerusalem artichokes were reported by Kiru &
Nasenko, 2010.

Heritability is an important parameter for breeding of Jerusalem
artichokes. It is easier to select traits with higher heritability. The results show
that the highest heritability coefficient was obtained for plant height (43%),
while dry matter yield expressed low heritability coefficient (8%), (Table 6).

Tab. 6. Components of phenotypic variability and coefficients of heritability for
tested parameters
Komnonenme gpenomuncxke sapujaburnocmu u KoeuyujeHm xepumaouinocm
UCIUMUBAHUX NApaAMemapa y oeiedy NONYIAYUjCKUX TUHUJA

Heritability | DrY matter Stem Stem Plant
yield/plant number/plant . .
components / 1 ) thickness height
K punoc cyse bpoj Jlebwuna Bucuna
oMnonerme mamepujel cmabuxal oK Gk
XepumaobumHocmu Gusmy Gl cmabsmwuxe u/mKe
MSk 1653125.0 134890.3 0.331 14231.1
MS¢ 17456.3 125.9 0.013 1552.1
MSe = Ve 24765.3 877.8 0.033 386.9
VR =
(MSr-MSe) /G 162836.0 13401.3 0.030 1384.4
VG =
1827.2 188. : 291.
(MSc-MSe) / R 8 88.0 0.005 91.3
VeE=Ve + Ve 22938.0 689.8 0.028 678.2
h? =
. 217. 17. 43.
(Vo / Vi) x 100 8.0 3 o 36

*G =10, R = 4, MSr — medium square repetition, MSe — medium square errors, MSc- medium
square genotype, V- genotype variance, Ve~ phenotypic variance, Ve- environmental variance, h?-
heritability
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Broad-sense heritability for plant height (43.66%) and number of stems
per plant/clone (27.3%) indicate that these properties are intermediately
inherited. The results of this study show a moderate heritability for the height of
plants and the number of stems per plant. Le Cochec (1990) reported a broad-
sense heritability ranging between 19.5% and 98.1%. He pointed out that the
number of stems per plant/clone determined the broad - sense heritability of
25.0%.

The relative genetic gain from selection represents the relationship
between the obtained values of genetic gain and the mean value of a specific
property expressed in percentage (Table 7). Applied statistical methods made it
possible to analyze the variability of quantitative traits, to estimate the
heritability and to estimate the genetic gain by selection.

It is necessary to know the correlation between the most important
properties of the material selected due to the compensatory change of other
properties. Correlation analysis determines the degree of concordance between
the properties regardless of the dependent and independent variable (Hallauer
end Miranda. 1988).

Tab. 7. Potential selection gain from autochthonous populations
Tlomenyujanna cenexyuona 0ob6um 00 aymoxmonux HOnyaiayuja

Average Phenotype Relative
. population Phenotype standard Genetic genetic
Traits / value K variance deviation h2 gain (G) gain (%)
Ocobune Tpocjeuna Dernomuncka |  Denomuncka Tenemcra | Penamusia
epujeorHocm sapujayuja cmandapona 0obum 2eHemcKa
nonynayuje desujayuja 000um
Dry matter
yield/plant (g)
Tpunoc cyse 314.1 1.76 22938 205.4 0.08 28.9 0.09
mamepujel
ouvyu
Stem
number/plant
bpoj 44.4 1.76 689.8 49.0 0.27 23.3 0.52
cmabuxal
[
Stem thickness
(mm) 1.000 | 1.76 | 0.028 0.000 018 | 0.0 0.00
Iebpuna ' ' ' ’ ’ ’ ’
cmabpuke
Plant height
(cm) 1754 1.76 678.2 26.2 0.43 19.8 0.11
Bucuna oumke
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Table 8 shows the Pearson-correlation coefficients for the analyzed
properties of the tested populations. In the case of correlation relationships
between the yield components and yield of dry matter, a significant positive
genetic correlation was observed between dry matter yield and plant height (r =
0.655*). These values indicate the possibility of improving yields by using
individual components as well as the selection criteria during the breeding
process.

Tab. 8. Simple correlation coefficients between characteristics for 10 evaluated
populations

Ipocmu koeghuyjenmu xopenayuje uzmehy 10 ucnumusanux nonyrayuja

Dry matter Stem number/ Stem Plant
Traits / 1%/ 'z!ﬂglgn;e pEIaSF thickness height
Osobine P Y P Jlebbuna Bucuna
mamepujel cmagmuxal emab ke GubKe
oumyu oumyu
Dry matter
yield / plant
Ipunoc cyee - 0.461 -0.102 0.655
mamepuje |
oumsyU
Stem number /
o Pant 0.180 - -0.252 -0.023
DOj CMAGHUKA
| bumyu
Stem thickness
Hebouna 0.779 -0.252 - -0.092
cmabsuxe
Plant height
Bucuna ke 0.040 -0.023 -0.092 -

*significant at P > 0.05

Genetic and phenotypic correlations between the traits evaluated among
the populations of Jerusalem artichoke indicate the complexity of the yield
inheritance and its components. There is a great environmental impact on
factors and interactions (population x year). Diederichsen (2010) found positive
correlation (0.29) between plant height and tuber yield among 161 genotypes
studied.
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Conclusion

During these studies, the impact of the year on the yield and yield
components to examined population of Jerusalem artichoke was highly
significant.

Dancan’s test indicates three intervals of significance for the plant
height.

Population Zupa had the highest average plant height during the two-
year study. The largest number of stems per plant/clone during the second year
was found in the Razboj population (95.8).

During both years, Razboj population had the highest dry matter yield
per plant/clone. Established broad-sense heritability for plant height (43.66%)
and number of stems per plant/clone (27.3%) indicate that these properties are
intermediately inherited.

A significant positive genetic correlation was found between dry matter
yield and plant height (r = 0.655%).

On the bases of the results of this study, the populations Razboj and Iri¢
basta are selected as a valuable genetic material for further breeding programs.
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XepI/ITa6I/IJIHOCT IMPUHOCA U KOMIIOHCHTH IIPHUHOCA
ayTOXTOHUX IOMYyJIalfja YUIOKE
(Helianthus tuberosus L.)

XKeswsko Jlakuh?, Bojo Payuh?

LIV Homonpuspeonu uncmumym Peny6nuxe Cpncke,
barva Jlyka, 3a600 3a kpmro oume, buX
2Vuusepsumem y Barwoj Jlyyu, Homonpuepednu gaxynmem, BuX

Caxerak

HcnmtrBame XepUTAOWIHOCTH MpPUHOCA W KOMIIOHEHTH IpHHOCA
ayTOXTOHMX IIONyJalMja YW4OKe O0O0aB/BEHO j€ Ha OIJIEJHOM II0JbY
[TospompuBpeHoOT MHCTUTYTA Peryonuke Cpricke y bamanynu Tokom 2015.
2016. romune. 3a oBa McnUTHBama KopuiiheHo je 10 ayToXTOHUX Mmomysammja
yryoke. [lomynamnmje yndoke cy BereTaTUBHO yMHOKeHe. Orien je oCTaBJbeH
y 4eTHpHu ToHaBJbama. Caama je o0aBibeHa KpajeM oktoOpa 2014. romuue.
Tokom oBHX UCTpakuBama npaheHu cy cibenehn mapameTpu: BUCHHA OHMIbaKa,
Opoj cTabsbuka 1Mo OUIBLIU/KIIOHY, Ae0JbHHA cTa0bHKE U IIPHHOC CYBE MaTepHje
no kiony. [lomynanuje Pa36oj umana je TokoM McnUTHBama Hajehu npuHoc
cyBe Matepuje 1o Ouspim/kiony. Hajsehu Opoj crabibuka 1mo OHIBIH/KIIOHY Yy
IpBOj roAMHM MMaia je nomynanuja Mpuh Gamra, a y apyroj momynanuja
Pa360j. YTBphena xepuTaOMIHOCT y LIMPEM CMUCIY 32 BUCHHY Ousbke U Opoj
cTa0sbuKa Mo OWJBLIK/KIOHY yKa3yje Ja Cy OBa CBOjCTBA CpPE/e HACIbIHA.
3HavajHa MO3UTHBHA F€HETUYKA KOpelalyja KOHCTAaTOBaHa je n3Mel)y mpuHoca
CyBe MaTepHje U BHCHHE OMIbaKa.

Kwyune pujeuu: unyoka, TPHUHOC, XEpUTAOMIHOCT, JAe0JpUHA
ctabJpuKe, BUCHHA ONJBKE
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