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ADAPTIVE POTENTIAL OF WINTER TRITICALE BREEDING LINES (xTRITICOSECALE
WITTMACK) IN FOREST-STEPPE OF UKRAINE

A. V. Pirych, M. V. Fedorenko, I. V. Fedorenko, Ye. A. Kuzmenko, R. M. Blyzniuk
The V. M. Remeslo Myronivka Institute of Wheat NAAS, Tsentralne village, Obukhiv district, Kyiv region, 08853, Ukraine

Topicality. The requirements for modern winter triticale varieties include high grain yield and quality,
as well as resistance to adverse environmental factors, i.e. high adaptability. Therefore, it remains important
to develop varieties that combine the highest yield potential with genetic resistance to limiting factors.
Purpose. To identify winter triticale breeding lines with high adaptability for use in breeding practice.
Materials and Methods. The studies were carried out at the V. M. Remeslo Myronivka Institute of Wheat
NAAS of Ukraine. As a standard, the Amur variety was used. We have examined 20 breeding lines.
Accounting plot area was 10 m? trial was repeated four times. In experiment, laboratory-field and mathe-
matical-statistical methods were used. Results. In 2019/20-2021/22, contrasting meteorological conditions
helped to evaluate and select the breeding lines of winter triticale for their adaptive potential. It was found
that the yield, which actually characterises the genotype response to environmental growing conditions, was
the highest (5.36 t/ha) in 2020/21 and the lowest (3.81 t/ha) in 2019/20. It was established that the breeding
lines 22002 (x = 4.97 t/ha), 22008 (x = 4.88 t/ha), 22016 (x = 4.79 t /ha) had the best general adaptability
in comparison with the Amur variety-standard, and they were included in the group with the highest indica-
tors of maximum vyield (ranks of 1-3). The coefficient of variation was characterized by an insignificant
(7.24-7.66 %) and medium level of variability (12.54-16.65 %), which confirms a fairly high and stable
genotypic component in the formation of plant productivity. Calculations of ecological plasticity made it
possible to identify the lines 22015, 22004 (b; = 0.63), which significantly reduced the yield under limited
growing conditions. It is explained by high resistance of these lines to adverse environmental factors. In
terms of yield, the highest homeostaticity and breeding value were shown by lines 22004, 22015, and 22008.
Conclusions. During the research, we have identified the breeding lines 22004, 22015, 22008, and 22002
with high adaptive potential, which can used as a source material for developing highly productive varieties
in the Forest-Steppe of Ukraine.
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Introduction. Alongside conventionally
grown cereals, the cultivation of winter triticale
(xTriticosecale Wittmack) is gradually expand-
ing in many countries around the world. Tritica-
le is a wheat-rye amphidiploid artificially creat-
ed crops that differs from other cereals in its
large grain, with a unique combination of the
best economic and biological traits of wheat and
rye. High potential for grain and green mass
yield, enhanced adaptive properties to adverse
weather conditions (winter hardiness, drought
resistance, undemanding to soil conditions, re-
sistance to fungal diseases) and high grain quali-
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ty have resulted in the crop being recognised
globally as a food and fodder crop [1, 2].

Crop cultivation technologies require from
the new modern varieties offered for production
to be not only high-yielding with high grain
quality, but also resistant to adverse environ-
mental factors, i.e. highly adapted, highly ho-
meostatic [3].

Adaptive breeding is a major area of agri-
cultural science, and research centres around the
world devote significant attention to it in their
breeding programs.

Achieving an increase and stability of grain
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yield and quality in time and space is possible
through the creation and introduction of new
varieties that combine maximum productivity
with an increased level of homeostasis [4].
However, given the trend towards narrowing the
areas of introduction of varieties and shortening
the cycle of variety replacement, the develop-
ment of highly specialised varieties that can
provide maximum yields is also necessary. Ob-
viously, the problem of developing high-
yielding and ecologically plastic varieties with
high adaptive potential and resistance to stress
factors, as well as finding ways to evaluate
them, is relevant. Today, the most common way
to comprehensively evaluate plasticity is to ana-
lyse the grain yield of varieties and lines under
contrasting hydrothermal conditions of years.
Despite the notable success of domestic breed-
ers in developing triticale varieties, they are still
not widely disseminated, primarily due to the
lack of zonal cultivation technologies that
would ensure high and sustainable harvests.
Therefore, the development of varieties that
combine the highest yield potential with genetic
resistance to limiting environmental factors re-
mains relevant. [5].

The research was aimed at selecting win-
ter triticale breeding lines with high adaptive
parameters for further breeding practice.

Materials and Methods. The research
was conducted in 2019/20-2021/22 at the
V. M. Remeslo Myronivka Institute of Wheat of
NAAS. Breeding lines of winter triticale were
sown with a SN-10Ts seeder. The predecessor
was soybean. Amur variety was used as a stand-
ard. There were 20 breeding lines studied. Phe-
nological observations were carried out accord-
ing to the methodology of the State Variety
Testing [6]. The registered area of the plot was
10 m? and the experiment was repeated four
times. The harvesting was carried out with a
Sampo-130 combine harvester. For the qualita-
tive assessment of favourable environmental
conditions and the winter triticale productivity,
the hydrothermal coefficient (HTC) was calcu-
lated by the method of G. T. Selyanynov [7].
The calculation of statistical parameters such as
arithmetic  averages (X), minimum values
(Xmin); Maximum values (xmax); range of varia-
tion (R = Xmax - Xmin); COefficient of variation
(V, %) was performed according to the method
of breeding experiment in crop production [8].
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Indicators of stability (b; regression coefficient)
and plasticity (S%; — variance of deviations from
the regression line) [9]; the index of homeosta-
sis (Hom) and breeding value (Sc) were deter-
mined by the formulas of V. V. Khangildin et
al. [10].

Results and Discussion. During the study
period of 2019/20-2021/22, weather conditions
differed from long-term averages in terms of
temperature, precipitation and their distribution
in certain stages of winter triticale plant growth
and development (Fig. 1, 2). At the time of sow-
ing of winter triticale in autumn 2019, soil
drought was observed. In September, the rain-
fall amounted to 15.2 mm, which is 41.4 mm
less than the long-term average. During almost
the entire winter, the temperature at the tillering
node depth ranged from -2.0 to +2.5 °C (the
indicator was recorded during the period of
changes in the snow cover height). Temporary
growth resumption of winter crops was ob-
served on 26 February 2020, and the final one
was observed on 1 March. In April, the average
air temperature was at the level of the long-term
average, and in May, it was 2.6 °C below the
long-term average against the background of
excessive moisture supply. During the period
from the growth resumption to the end of July,
precipitation amounted to 341.9 mm or 106.3 %
of the long-term average. The maximum air
temperature for the spring and summer period
was recorded in August (26.4 °C).

The amount of precipitation for the year
was 588.1 mm, which is 56.8 mm less than the
long-term average. The maximum amount of
precipitation (122.3 mm) was in May 2020, and
the minimum (10.5 mm) was in October 2019.
The average monthly rainfall was 43.8 mm. The
hydrothermal coefficient for the 2019/20 grow-
ing season was 0.60, which corresponds to very
dry conditions. In summary, the weather condi-
tions were not favourable for a high yield due to
a lack of moisture during sowing and grain rip-
ening.

Winter triticale was sown in autumn 2020
under insufficient moisture conditions. From
August to October, the air temperature exceeded
the long-term average by 1.1-4.9 °C. At the
same time, the moisture deficit was 22.8-49.6 mm.
In 2020, the growth cessation was regis- tered
on 11 November. The lowest air temperature
(-21.4 °C) for 2021 was recorded on 17 Janu-
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Fig. 1 Average monthly air temperature during the growing seasons 2019/20-2021/22
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Fig. 2 Average monthly rainfall during the growing seasons 2019/20-2021/22

ary. In general, the winter was quite mild, with
air temperature of -0.3 °C in December 2020,
which was +2.0 °C above the long-term aver-
age; in January 2021, the average monthly air
temperature was -2.3 °C, which was also +1.4
°C above the long-term average; in February
2021, the air temperature was -4.7 °C, which
was +2.1 °C below the long-term average. Dur-
ing the winter 2020/21, the maximum snow
cover reached 30-45 cm, and the temperature at
the tillering node depth ranged from 0 to -2 °C.
The growth resumption of winter crops in 2021
was noted on 14 March, and the final one on 26
March. In April and May 2021, the average air
temperature was -0.9 and -1.8 °C below the
long-term average, respectively, on the back-
ground of excessive moisture supply. During the
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period from the growth resumption to the end of
July, rainfall was 506.5 mm, which is 246.8 mm
above the long-term average. Total precipitation
for the year reached 905.0 mm, which is 309.7
mm higher than the long-term average. The hy-
drothermal coefficient for the 2020/2021 grow-
ing season was characterised by an insufficient
moisture content and amounted to (HTC = 1.03).
September and October 2021 were charac-
terised by a severe precipitation deficit com-
pared to the long-term average (35.0 and
23.5 mm, respectively), resulting in a loss of
soil moisture. During the pre-sowing and sow-
ing periods, the average air temperature was
close to the long-term average. The growth ces-
sation of winter triticale was observed in mid-
November. Like in most recent years, overwin-
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tering took place in conditions of unstable snow
cover or its absence, short-term sharp cold snaps
and thaws. In November and December, the air
temperature was slightly higher than the long-
term average by 2.9 and 0.6 °C, respectively.
The spring vegetation of winter triticale took
place under very dry conditions (HTC = 0.28;
0.65). In the spring and summer period, the
maximum air temperature was 20.7 °C in June,
with a moisture deficit of 43.6 mm. The total
annual precipitation was 467.6 mm, which is
114.2 mm less than the long-term average
(581.8 mm). In summary, the hydrothermal co-
efficient for the growing season 2021/22 of win-
ter triticale was 0.80, which corresponds to dry
conditions, which negatively affected the for-
mation of a high productivity level. So, the me-
teorological conditions of 2019/20-2021/22
were contrasting, that allowed to evaluate and
select breeding lines of winter triticale by adap-
tive potential.

Crop yield is the result of a complex inter-
action between plants and a range of environ-
mental conditions. In recent decades, global
grain yields have increased significantly. The
crop vyield increase was mainly due to breeding
and genetic improvement of the varietal compo-
sition, increased potential of genotype produc-
tivity, adaptability to variability of agro-
ecological factors, and tolerance to stress factors
of biotic and abiotic origin [11]. Therefore, the
yield per unit area is the final indicator that
characterises the economic and breeding value
of the studied material [12]. We used data on
the winter triticale yield for 2019/2020-
2021/2022 to determine the adaptive potential
of breeding lines and the Amur variety-standard
(Table 1). The yield actually characterises the
response of genotypes to external weather con-
ditions. It was found that the highest yield was
5.36 t/ha in 2020/21 with a variation from 3.98
(min) to 8.48 t/ha (max) and the lowest yield
was 3.81 t/ha in 2019/20 with a variation from
2.94 (min) to 4.59 t/ha (max).

During the research in 2019/20-2021/22,
breeding lines of winter triticale 22002, 22008,
22016, 22004, 22015, 22011 were identified that
exceeded the standard variety yield (4.18 t/ha) and
can be used as a source material for the develop-
ment of high-yielding varieties in the Forest-Steppe
of Ukraine. It was found that the breeding lines
22002 (x = 4.97 t/ha), 22008 (x = 4.88 t/ha),
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22016 (x = 4.79 t/ha), which were included in
the group with the highest yield level (ranks 1-
3), had the best overall adaptive capacity com-
pared to the Amur variety-standard. The analy-
sis of adaptability parameters allowed us to
identify lines that combined high productivity
with resistance to environmental changes. The
difference (R) between the maximum and min-
imum values of a trait characterises its stability
in a particular genotype. The range of variation
characterises the ability of the genotype to form
high grain yield with a slight difference in the
limits under stressful environmental conditions.
The maximum limits of this trait (R = 1.20-
1.51 t/ha) were revealed in the breeding lines —
22008 (R = 1.20 t/ha), 22002 (R = 1.34 t/ha),
22011 (R = 1.51 t/ha) and the variety-standard
(R = 1.22 t/ha), which indicates their high ge-
netic potential under more favourable growing
conditions. Lines 22004 (R = 0.68 t/ha), 22015
(R = 0.69 t/ha), 22016 (R = 1.08 t/ha) with a
minimum variation range were identified, which
indicates their high stress resistance. The coeffi-
cient of variation (V, %) was used to character-
ise the adaptability of each particular line to
different agroecological conditions, which was
characterised by a low (7.24-7.66 %) and medi-
um (12.54-16.65 %) level of variability, which
confirms a rather high and stable genotypic
component in the formation of plant productivi-
ty over the years of research.

The regression coefficient (b;) characteris-
es the average response of a genotype to envi-
ronmental changes, shows its plasticity and al-
lows predicting the variability of the studied
trait within certain conditions. A higher regres-
sion coefficient (bi) indicates a higher suscepti-
bility of the variety to changes in growing con-
ditions. The value of (b;) equal to zero or close
to zero indicates that the genotype does not re-
spond to environmental changes. Increased plas-
ticity of a variety often leads to a decrease in its
stability [13]. The calculations of ecological
plasticity of these genotypes in the Forest-
Steppe zone of Ukraine showed that breeding
lines 22011 (bi = 1.39), 22002 (bi = 1.34),
22008 (bi = 1.12) are highly plastic in yield,
since their regression coefficient is greater than
1. Line 22016 (bi = 0.98) is characterised by an
average level of plasticity, since its index is
close to 1. The genotypes studied for yield are
low plastic (bi < 1) — 22015, 22004 (bi = 0.63)
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Table 1. Parameters of the best breeding lines of winter triticale in terms of yield (t/ha) and its stability (average for 2019/2020-2021/2022)

Varletﬂséandard, F_7 Yowe—Z | X Z R (mfxz-mm) V. %_Z b7 2,7 Hom-—z Sc_7 Aver;a;]gkeS su\r(n of

Amur — standard 4.18-7 3.48-7 4.70-7 1.22-5 15.02-6 0.79 0.43-7 22.92-6 3.10-7 6.50-7
22016 4.79-3 4.10-5 5174 1.08-3 12.54-3 0.98 0.16-6 35.42-3 3.79-5 4.00-5
22015 4.63-5 4.24-4 4.93-6 0.69-2 7.66-2 0.63 0.02-2 87.50-2 3.98-2 3.13-2
22002 4.97-1 4.43-1 5.77-1 1.34-6 14.21-5 1.34 0.06-4 26.06-5 3.82-4 3.38-4
22011 4.58-6 3.76-6 5.27-3 1.51-7 16.65-7 1.39 0.04-3 18.25-7 3.27-6 5.63-6
22004 4.69-4 4.35-3 5.03-5 0.68-1 7.24-1 0.63 0.00-1 95.27-1 4.06-1 2.12-1
22008 4.88-2 4.42-2 5.61-2 1.20-4 13.08— 1.12 0.08-5 31.24-4 3.84-3 3.33-3

Average on experiment 4.41 3.82 4.98 1.16 13.56 1.00 0.11 87.30 3.41 —

Notes: x¥ — average vyield, t/ha, xmay, xmin — Maximum and minimum vyields, t/ha; R (max-min) — range of variation; V — coefficient of variation, %; b; — linear
regression coefficient; S%; — variances of deviations from the regression line; Hom — homeostaticity; Sc — breeding value of the genotype; Z — rank; Y — average sum

of ranks.




and the variety-standard (b; = 0.79), which in-
significantly reduced the yield under limited
growing conditions, due to their high resistance
to adverse environmental factors. The stability
variance of the trait (S%;) shows how the line
reliably corresponds to the plasticity estimated
by the regression coefficient. The closer (S%) is
to zero, the less the empirical values of the trait
differ from the theoretical values located on the
regression line. Smaller standard deviation
means that the breeding line forms a more stable
yield in different environmental conditions [14].
Breeding lines — 22004 (S%; = 0.00), 22015 (S%i
= 0.02), 22011 (S = 0.04), 22002 (S?gi= 0.06)
were found to be more stable with a lower nu-
merical value (S%). Homeostaticity is an indica-
tor that combines the average yield and the
adaptive rate of response of varieties (geno-
types) to limiting environmental factors. This
statistical indicator is widely used in research on
grain crops [15]. Plant adaptation is associated
with the specific impact of environmental fac-
tors, which is determined, on the one hand, by
their type, dose, duration of exposure, and, on
the other hand, by the biological characteristics
of the species and its functional state. In addi-
tion, during the implementation of breeding
programmes, the breeding value of genotypes
used for crossing is usually determined. It has
been determined that the higher the level of ho-
meostaticity and breeding value means the more
stable and breeding valuable variety, sample,
line in changing weather conditions of the grow-
ing season [16]. For a particular line, high ho-
meostaticity is associated with its ability to keep
yield variability low. Among the breeding lines,
the highest indicators of homeostasis in terms of
yield were shown by lines — 22004 (Hom =
95.27) and 22015 (Hom = 87.50), a rather low
value was noted in line — 22011 (Hom = 18.25),
and the rest were almost at the same level
(26.06-35.42). The index of genotype breeding
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Ilipuu A. B., ®eoopenko M. B., @eoopenxo 1. B., Kyzomenko €. A., Bnuznrok P. M. Adanmuenuii nomenuian
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Muponiecokuii incmumym nwenuyi imeni B. M. Pemecia HAAH, c. Ileumpanvne, Obyxiecokuil p-n, Kuiscoxa o6,
08853, Vkpaina

AkTyasbHicTh. CydacHi COPTH TPUTHKAJIE 03UMOTO MOBUHHI OYTH HE TUIBKH BHCOKOBPOKAWHUMH Ta
JaBaTH 3€PHO BUCOKOI SIKOCTI, @ i CTIMKMMHM JI0 HECTIPUATIIMBUX (DaKTOPIB CEPEIOBUINA, TOOTO BUCOKOAIATI-
ToBaHUMH. TOoMy, 1 Hajali aKTyaJIbHUM 3QJIMIIAETHCS CTBOPEHHS COPTIB, IO NOEIHYIOTh HAHBHUILIUHA TOTESH-
[iaJI BPOXKaHOCTI 3 TEHETHYHOIO PE3UCTEHTHICTIO JIO JMITYIOUMX YMHHHKIB. MeTa podoTn nependayana
BUJIUTUTH CEJICKIIIHHI JIIHIT TPUTHKAIE 03UMOT0 3 BUCOKUMH aJIAITHBHUMH IMOKA3HUKAMU JIJIsSi BHKOPUCTAHHS
B celleKUiiiHii npaktuii. Martepiaau i meroau. [ocnmimkeHHS NpoBOAMIM B MHUPOHIBCBKOMY iHCTUTYTI
nmenuni imeHi B. M. Pemecna HAAH VYkpainu. 3a crannapt o0pamu copt Amyp. Hocnimxysanu 20 cenek-
wiiteux miniit. O671iKoBA MUTOMA JISHKE cTaHOBWIA 10 M2, TOBTOPHICT OCTiAY — YOTHPHPa30Ba. Bukopn-
CTOBYBaJIM J1a0OPAaTOPHO-TIOJILOBUI Ta MaTeMaTHYHO-CTATHCTHYHI MeToau. Pesyabratn. Meteoposoriuni
ymoBu 2019/20-2021/22 pp. BUSBHINCH KOHTPACTHUMH, IO JIAJI0 MOYKIIUBICTh OI[IHUTH Ta BUIUIATH CEJICK-
LIKHI JTHIT TPUTHKAJIE 03MMOTO 3a aJalTUBHUM ITOTEHIIIajI0oM. BUsABJICHO, 110 BpOXKAHHICTh, sfiKa (haKTUIHO
XapakTepu3ye PeaKilifo TeHOTUIIIB Ha 30BHIIIHI TIOTO/IHI YMOBH BHPOIyBaHHS, Oyna HaiiBumiow y 2020/21
p- — 5,36 1/ra i HaiiHmwk4oro y 2019/20 p. — 3,81 1/ra. BcraHOBIEHO, 1110 KPaIIOO 3arajbHOI0 adalTHUBHOIO

3[IaTHICTIO, TIOPIBHSIHO i3 COPTOM-CTaHAapTOM AMYp, XapaKTepu3yBaiucs cenekmiiui minii — 22002 (X =
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4,97 1/ra), 22008 ( X = 4,88 1/ra), 22016 ( X =4,79 1/ra), AKi YBIAIILIA 10 TPYITH 3 HAWBUIIAMHY [TOKA3HUKAMHI
MakCHMabHOI BpoxkaitHOcTi (panru 1-3). Koediuient Bapiawii BinzHauaBcs HesHaunuM (7,24—7,66 %) Ta ce-
penHimM piBHeM MiHmuBocTi (12,54-16,65 %), mo miATBEpIIKYE NOCUTh BUCOKY 1 CTaOUIbHY TCHOTHUIIOBY
CKJIaJIOBY Y (hOpMYyBaHHI TPOJAYKTUBHOCTI pOCIIMH. PO3paxyHKH €KOJOTiUHOI TIac-THYHOCTI JIO3BOJIMIN BH-
sBuTH NiHil — 22015, 22004 (bi = 0,63), siKi HEICTOTHO 3HWKYBAJIH BPOXKAWHICTB 3a JIIMITOBAHUX YMOB BH-
POIIyBaHHSA, IO MOSICHIOETHCS iX BHCOKOIO CTIHKICTIO MPOTH HECTIPUSATIMBUX YWHHHKIB HABKOJIHITHHOTO
cepenoBHINa. 3a PiBHEM YPOXKANHOCTI HAWBHINI TOKa3HUKH TOMEOCTATHYHOCTI Ta CENEKUiHHOI I[iHHOCTI
nposiuiy Jtinii — 22004, 22015, 22008. BucHoBkH. 3a 1epio MPOBEICHHSI JOCIIHKCHb BUIIIJICHO CEJCK-
mitiHi inii — 22004, 22015, 22008, 22002 3 BUCOKHUM aJalNTHBHAM MOTEHINATIOM, SIKI MOXYTh CIIyTyBaTH
BHXIJTHIM MaTepiajoM TPy CTBOPEHHI BUCOKOIIPOIYKTHBHUX COPTiB B yMoBax Jlicocreny Ykpainu.

Knrouoei cnoea: mpumukane ozume, ceiekyilii 1inii, a0anmueHiCmb, YPONCAUHICIb, Memepeoiociuti
yMOo8U
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