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BREEDING SUGAR-FODDER BEET HYBRIDS FOR BIOFUEL PRODUCTION

M. O. Kornieieva
Institute of Bioenergy Crops and Sugar Beet of the NAAS of Ukraine, 25 Klinichna St., Kyiv, 03141, Ukraine

Topicality. The development of biofuel engineering in Ukraine demands to cultivate the agrofuel crops
as renewable energy sources. The sugar-fodder hybrids created using high-value sterile forms of sugar beet
and fertile forms of fodder beet may hold promise for biofuel feedstock production. Purpose. Developing
experimental sugar-fodder beet hybrids with high energy yield that are suitable for alternative biofuels pro-
duction, and selecting the best ones. Materials and Methods. To create the sugar-fodder hybrids, 6 pollen-
sterile sugar lines and 23 breeding numbers of fertile fodder beet were used. The stages of the breeding pro-
cess included the selection of the original parental lines, their evaluation for combining ability, and the for-
mation of hybrids based on the best of them. The method of multi-tester top crosses and field trials of exper-
imental hybrids were used. Results. The parent components significantly varied in energy yield, which
ranged within 53.5-61.5 GJ/ha for the MS-samples, and from 80.0 to 87.8 GJ/ha for the 4 best pollinators.
According to the results of test crosses, we selected the MS forms of sugar beet lines Iv. 24869 and MS
Iv. 2484 of Ivanivka origin with significantly high effects of total combining ability of 6.7 and 4.0 GJ/ha and
fodder beet pollinators-varieties Halytskyi and Lvivskyi Zhovtyi — 8.0 and 6.5 GJ/ha, respectively. In the
genotypic structure of sugar yield trait variability, the total share of the influence of valuable additive com-
plexes of parental genes (51 %) was almost equal to the share of non-additive interaction of components
(49 %). Conclusions. Three new genotypes of sugar-fodder hybrids suitable for the biofuel production from
renewable sources with energy yield above 120 GJ/ha were created by combination breeding. These geno-
types are MS Iv. 24869/k 41/42; MS Iv. 24869/k 13/14 and MS Iv. 24869/Lvivskyi Zhovtyi variety, which

exceed the standard by 14.3, 15.4 and 8.5 %, respectively.
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Introduction. The rapid development of
bioenergy, which is a global trend, helps to re-
duce fuel imports, replacing a significant share
of traditional energy resources and thereby en-
hancing Ukraine's security [1]. Therefore, agri-
cultural science is orientating Ukraine's agricul-
tural sector towards growing energy crops as
renewable energy sources.

In view of the economical use of tradi-
tional energy sources, environmental preserva-
tion, and the development of a promising area of
Ukraine's agricultural sector, crops such as mis-
canthus, switchgrass, osier willow, sorghum,
poplar, etc. are currently being studied and
grown. [2]. Another bioenergy crop suitable for
the alternative fuels production is beet (Beta
vulgaris L.), both sugar and fodder beet. In ad-
dition, sugar-fodder beet hybrids created based
on valuable pollen-sterile forms of sugar beet
and valuable fertile forms of fodder beet may
have breeding prospects [2, 3]. The efficiency of
breeding work of these hybrids depends on the
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involvement of donors and sources of valuable
traits — carriers of gene complexes that control
the significant breeding traits of sugar beet bio-
energy potential [4, 5].

Domestic research institutions, such as the
Institute of Bioenergy Crops and Sugar Beet
(IBCSB) and its network, the Institute of Agri-
culture (NSC IA), the Institute of Agriculture in
the Carpathian Region (IACR) and others have
trait collections of pollen-sterile forms of sugar
beet, as well as fertile forms of fodder beet
(lines, cultivars, varieties, breeding numbers)
that can be used to develop sugar-fodder hybrids
based on cytoplasmic male sterility that are sui-
table for the production of alternative biofuels [6].
The genetic potential of productivity can be
more fully revealed by hybridisation of newly
developed lines, previously evaluated for com-
bining ability. These studies are based on the
results of earlier experiments to create new beet
genotypes with increased bioenergy potential
(bioethanol yield, energy vyield) [3, 6].
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The purpose of the research was to create
experimental sugar-fodder beet hybrids with
high energy yield and suitable for alternative
biofuels, and to select the best of them.

Materials and Methods. In 2015-2020,
the research was carried out at the Institute of
Bioenergy Crops and Sugar Beet of NAAS of
Ukraine (IBCSB). The initial materials for the
breeding sugar-fodder hybrids were 6 diploid
sterile lines (maternal form) of Ivanivka, Yal-
tushkiv, Uman and Uladivka origin from the
IBCSB network, as well as 23 diploid fodder
beet cultivars (varieties, inbred lines, products
of individual selection, hybrid samples on a fer-
tile basis) originated by the Institute of Agricul-
ture in the Carpathian Region (IACR), which
were used as pollinators (parental form) to pol-
len-sterile (MS) forms.

The technological stages of the breeding
process for developing sugar-fodder beet hy-
brids based on cytoplasmic male sterility (CMS)
for the production of alternative biofuels were
as follows: selection of initial forms MS lines of
sugar beet and pollinators of fodder beet, their
breeding improvement due to selections based
on their economically valuable traits; top cross-
es to determine the combining ability of compo-
nents; formation of hybrid combinations accord-
ing to the scheme of one-way cyclic crosses and

variety testing of hybrid samples. Evaluation
and selection of the best hybrid combinations
with a high productivity and energy yield was
based on genetic and statistical analysis of
breeding numbers compared to the group stand-
ard, which included three best domestic varie-
ties. The predecessor was winter cereals. Wide-
row sowing method was used with row spacing
of 45 cm. The plot area was 13.5 m?. The repli-
cation rate was three times..

The analysis of the breeding value of the
initial genotypes in terms of root crop yield,
sugar content, and dry matter content was car-
ried out according to the method [7]. Energy
indicators were determined by the following
method [8].

Results. The pollen-sterile forms involved
in the experiment as initial materials were of
different ecological and genetic origin. Three
lines were bred at the lvanivka Experimental
Breeding Station, one line was originated from
the Yaltushkivka gene pool, one line was bred
on the main aboriginal materials of the Uladivka
selection, and one line was originated from the
Uman breeding materials.

The energy indicators of these lines as
possible components (maternal form) of sugar-
fodder beet hybrids are given in the Table 1.

The analysis of Table 1 showed that the

Table 1. Bioethanol yield and energy yield of sterile forms of sugar beet —
maternal components of sugar-fodder hybrids

Breeding samples of Yield of Sugar content of | Bioethanol yield, | Energy yield,
root crops,
sugar beet root crops, % t/ha GJl/ha
No. t/ha
MS forms

MS lv. 24869 36.9 14.4 2.44 61.5
MS lv. 24845 36.9 14.6 2.46 58.4
MS Yalt. MS-7 35.7 13.9 2.26 54.7
MS Iv. 24404 334 14.4 2.20 54,9
MS Ulad. 28119 28.0 14.5 1.84 46.0
MS Uman 1212 31.3 15.1 2.14 53.5
LSDg o5 2.2 0.3 0.93 1.4

highest energy yield (calculated data on produc-
tive properties) was in the pollen sterile lines
MS Iv. 24869 (61.5 GJ/ha) and MS Iv. 2484
(58.4 GJ/ha). These are samples of Ivanivka
origin that have the best productivity among the
lines.

Among the collection of fodder beet
(IACR), which consisted of 50 samples, 23
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breeding numbers were selected according to
the morphological and biological parameters of
the root crop, dry matter content and disease and
pest tolerance. There are 4 samples of fodder
beet with energy yield exceeding 80.0 GJ/ha:
k 13 x 14 (85.0 GJ/ha), k 41 x 42 (87.8 GJ/ha),
Halytskyi variety (82.3 GJ/ha) and Lvivskyi
Zhovtyi variety (80.8 GJ/ha). They were selec-
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ted as pollinator-components for sugar-fodder
beet hybrids.

However, the combining ability is more
important for hybridization, which was deter-
mined by topcrosses conducted to assess the ge-
netic value of these materials.

For sugar-fodder hybrids, the phenotypic
manifestation of these traits is significantly in-
fluenced not only by environmental conditions,
but by the combining value of the components.
Therefore, in our research, we selected the best

samples of maternal and paternal forms by
combining ability in order to select pairs for
promising hybrid combinations that will be used
to produce biofuels from renewable sources. A
heterotic effect can be expected when the hy-
bridization of well-chosen lines (MS forms and
pollinators) characterized by genetic value in
terms of bioenergy indicators is carried out.

Fig. 1 shows the effects of the GCA of
pollen-sterile lines in terms of energy yield.

The highest energy yield (calculated da-
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Fig. 1. GCA effects on energy yield of pollen-sterile lines of sugar beet —
components of sugar-fodder hybrids.

ta on productive properties) in topcross hyb-
rids was in combinations developed with the
pollen-sterile lines MS lv. 24869 (61.5 GJ/ha)
and MS Iv. 24845 (58.4 GJ/ha). The GCA
effects of their parental forms were signifi-
cantly positive and reached 6.7 and 4.0 GJ/ha,
respectively.

According to the evaluation of the com-
bining ability of fodder beet pollinators, 10
out of 23 samples with positive GCA effects
were selected. Only the best indicators show
in Fig. 2, so the sum of GCA effects is not
zero. Among the varieties, the lowest positive
effect of GCA was in Lada (0.5 GJ/ha), while
Halytskyi and Lvivskyi Zhovtyi had high val-
ues of 8.0 and 6.5 GJ/ha, respectively. The
highest GCA effect was characterized by
samples of fodder beet k 13/14 and k 41/2
with high energy yield — 10.7 and 13.5 GJ/ha,
respectively.

The other best forms of fodder beet with
a high positive GCA effect were represented
by pollinators k 23/24 and varieties Halyts-
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kyi, Lvivskyi Zhovtyi and Lan. Therefore,
they were involved in hybridization to devel-
op experimental hybrids suitable for renewa-
ble energy purposes at the next stage of
breeding.

The genotypic structure of variability of
the energy vyield trait was determined by ana-
lysis of variance for topcross hybrids. It is
known that the manifestation of trait is influ-
enced not only by the additive effects of pa-
rental lines, but also by their interaction (non-
additive variance).

For topcross sugar-fodder hybrids, the
influence of the additive component of the
genotypic variance of parental forms inter-
preting the GCA effects was as follows: 30 %
for fodder beet and 21 % for testers.

Non-additive interaction, including epi-
static effects, is characterized by indicators of
specific combining ability (SCA) (Fig. 3).
This indicates the importance of pair selection
in the formation of sugar-fodder beet hybrids
for bioenergy purposes, which will allow to
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Fig. 2. GCA effects on energy yield in the best pollinators of fodder beet —
components of sugar-fodder hybrids.

obtain high energy vyields.

However, the total influence of valuable
additive gene complexes of parental forms
(fodder and pollen-sterile sugar beet cultivars)
on the trait and the effects of their interaction
in a given set of breeding numbers — hybrid
components were almost equal as a share of
the total genotypic variance — 51 and 49 %,
respectively.

At the next stage of the breeding pro-
cess, hybridization of the six best selected
samples of pollen sterile forms (MS forms)
and fertile pollinators of fodder beet, which
were identified as the best according to the
evaluation of their genetic value, was carried
out according to the scheme of one-way cy-
clic crosses in areas of free pollination, where
36 sugar-fodder MS hybrids were developed.

49%
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Fig. 3. Structure of genotypic variability of the energy yield trait for topcross hybrids of sugar-fodder beet.

The developed sugar-fodder hybrids dif-
fered significantly in the resulting trait of energy
yield (LSDO0.05 = 5.61 GJ/ha). All hybrids based
on the crossing of this set of MS forms and

16 Grain Crops. Vol. 6. No. 2. 2022. P. 13-18

Lvivskyi Zhovtyi variety bred by IACR were
characterised by high energy yield, which exceed-
ed 100 GJ/ha, among which the best was the
combination of MS Iv. 24869/Lvivskyi Zhovtyi
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variety (120.55 GJ/ha) (Table 2). Equally effective
for hybridisation with these pollen-sterile forms
was the breeding number k 23/24, which was the
best pollinator of the combining valuable MS line
MS Iv. 24869 of Ivanivka origin (energy yield
was 115.01 GJ/ha). However, the first two places
in terms of energy yield were taken by hybrids
developed on the basis of the combining line

MS Iv. 24869 and fodder beet numbers k 41/42
and k 13/14 (combining-capable pollinators
with high GCA). Their energy yield were
123.84 and 125.09 GJ/ha, respectively. Two hy-
brid combinations based on the genetically val-
uable line MS Iv. 24845 were developed with
pollinators of fodder beet k 13/14 (117.61
GJ/ha) and Lvivskyi Zhovtyi (114.31 GJ/ha).

Table 2. Energy yield of sugar-fodder beet hybrids, GJ/ha

Components of Halytskyi Lvivskyi

sugar-fodder K41/42 | K13/14 . Lan variety K 23/24 Zhovtyi
hybrids variety variet

Yy y

MS Iv. 24869 123.84 125.09 88.76 105.16 115.01 120.55
MS lv. 24845 95.63 117.61 104.08 101.96 104.44 114.21
MS Yalt. MS-7 104.95 89.32 93.07 105.01 114.8 109.80
MS Iv. 24404 75.21 80.49 98.81 96.78 108.61 113.60
MS Ulad. 28119 76.16 79.99 100.93 98.48 100.74 104.44
MS Uman. 1212 87.08 88.98 94.38 93.81 102.22 105.18

The group standard in terms of energy
output was 108.41 GJ/ha.

In terms of the group standard (Fig. 4),
the excess ranged from 105.4 to 115.4 %.

The first three places are occupied by
hybrids with an energy output of more than
120 GJ/g. We recommend these hybrids for
reproduction and for future commercial use.
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Note: 1 — Group standard, 2 — MS Iv. 24869/x 41/42; 3 — MS Iv. 24869/k 13/14;
4 —MS Iv. 24869/x 34/24; 5 — MS Iv. 24869/ Lvivskyi Zhovtyi; 6 — MS Iv. 24845/x 13/14;

7 —MS Iv. 24845/Lvivskyi Zhovtyi.

Fig.4. The best hybrid combinations of sugar and fodder beet in terms of energy yield.

Conclusions. For development of new
genotypes of sugar-fodder hybrids for biofuel
production, 6 maternal components — MS lines
of sugar beet and 23 samples of fodder beet
were evaluated for general combining ability
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according to the resulting trait of energy yield.
Combination-value sugar beet lines MS Iv.
24869 and MS Iv. 24845 of Ivanivka origin and
hybrid fodder beet samples k 13/14 and k 41/42,
as well as the best fodder beet samples of polli-
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nator k 23/24 and Halytskyi, Lvivskyi Zhovtyi
and Lan varieties with high positive effect GCA
of IACR selection have breeding prospects.

The analysis of the shares of influence of
these components showed that the effects of in-
teraction between maternal and paternal forms
were predominant in the genotypic variability
(49 %) of the resulting trait of energy yield. The
significant influence of additive effects of fod-
der beet as a component in the formation of
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Kopueeea M. O. Cenekuia uykposeo-Kopmogux ?2iopudié OypaKie, npuoamuux O0a:1 6UpoOHUUMEa

oionanusa. 3epnosi kynomypu. 2022. 6 (2). 13-18.

Incmumym 6ioenepeemuunux Kynomyp i yykposux oypaxie HAAH Yxpainu

AKTyaJbHicTh. P03BUTOK OioeHepreTHkH B YKpaiHi moTpedye BUPOIIYBaHHS €HEPreTUIHUX KYJIBTYP

SIK BIJIHOBITIOBANBHUX JDKEpEN eHeprii. Sk cupoBuHa sl BAPOOHHIITBA Oi0MaIMBa CENEKIIHHY NEPCICKTHBY
MOXYTh MaTH I[yKpPOBO-KOPMOBI TiOpHIN OYpsSIKHM, CTBOPEHI 3 BUKOPHUCTAHHSIM I[IHHUX CTEPHIBHHX (HopM
LYKpOBHX 1 hepTunbHUX GopM KOpMOBHUX OypsikiB. Mera. CTBOPUTH €KCIIEpUMEHTANIbHI T1OpHUAN IIyKPOBO-
KOPMOBHUX OYPSIKiB 3 BUCOKHM BUXOJIOM €Heprii, IpUAaTHI JUTsl OTPUMAaHHS ajJbTepHATHBHUX BUIIB Oiomanu-
Ba, 1 BixiOpaTu kpaii i3 Hux. MaTepianau i meToan. /{7 cTBOpEHHS IIyKPOBO-KOPMOBHX TiOpUIIB BUKOPH-
CTaHO 6 CTEPWJIBHUX 3a MUJIKOM JIiHIA IYKPOBHX 1 23 celeKiiiHi HoMepH (DepTHILHIX KOPMOBHUX OYpSKIB.
Ertamamu cenekuiitHoro npomecy Oynu BigOip BUXiTHUX OAaTbKIBCHKUX JIiHIHM, OIliHKA 1X 32 KOMOIHAIIIHOIO
30aTHICTIO Ta (OpPMYyBaHHS TiOpWAIB Ha OCHOBI Kpalux i3 HHMX. 3aCTOCOBAaHO METOJ 0araToTECTEPHHX
TOTKPOCIB Ta MOJILOBI BUIIPOOYBaHH €KCIIEPUMEHTANBHUX Ti0puaiB. Pe3yabTaTu. BaTbKiBChbKi KOMIIOHEHTH
JIOCTOBIPHO BIIPI3HSIMCS MiXK COOOI0 32 BUXOJIOM €HEPrii, OKa3HUKH SIKOT KOJIMBAJIMCA y Mexax 53,5...61,5
GJ/ha (MS ¢opmn), a y 4 kpammx 3ammmoBadis — Big 80 ,0 mo 87,8 GJl/ha. 3a pesynbraTramMu TecTepHHX
cxpenryBaHb BijioOpaHo MS ¢opmu mniniii mykposux OypsikiB IB. 24869 Ta MS Iv. 2484 iBaHiBCHKOTO MOXO/I-
JKEHHS 3 IOCTOBIPHO BUCOKMMH e(peKTaMu 3arajabHoi KoMOiHamiiiHoi 3maTaocti 6,7 Ta 4,0 GJ/ha Ta 3ammmro-
Baui coptu kopMmoBux Oypsikie Halytskyi i Lvivskyi Zhovtyi — Bigmosiguo 8,0 Ta 6,5 GJ/ha. ¥V renorumosii
CTPYKTYp1 MIHJIMBOCTI O3HAKH BUXiJ LIYKPY CyMapHa YacTKa BIUIMBY LIHHHX aJUTHBHUX KOMILIEKCIB T'€HIiB
OarbkiBchbkuX QopMm (51 %) Oyna Maibke PiBHO3HAYHOIO YACTIli HEAJIMTUBHOI B3a€MOJIii KOMIIOHEHTIB
(49 %). BucnoBkHu. MeTo10M KOMOIHATHBHOI CEJIEKIIIT CTBOPEHO TPH HOBHX T'€HOTHITH I[yKPOBO-KOPMOBHUX
ribpuaiB, mpuAaTHUX A1 BUPOOHUITBA OioNaiBa 3 BiAHOBIIOBAIBHUX PKEpEI, Y SIKMX BHXiA eHeprii OyB
oinpimM, Hix 120 GJ/ha. Le rerotunu MS Iv. 24869/k 41/42; — MS Iv. 24869/k 13/14 ta MS lv. 24869/ c.
Lvivskyi Zhovtyi 3 mokasHukaMu, 10 NEPEBUIIYIOTH CTAHAAPT BiAmo-BifAHO Ha 14,3, 15,4 1a 8,5 %.

Kniouosi cnosa: bOioenepecemuxa, nuikocmepuibHi opmu, 3anumiosadi, yyKpo8o-KopMosi 2iopuou
KOMOIHayitina 30amuicms, 8uxio eHepeii
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