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VARIABILITY OF QUANTITATIVE TRAITS IN WINTER TRITICALE IN THE
CENTRAL REGION OF BELARUS
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The article presents the results of a long-term study of quantitative traits in winter triticale
varieties and accessions grown in the soil/climatic conditions of the central region of Belarus
using conventional and intensive cultivation technologies. The effects of the intensification level
on the yield, performance constituents and triticale grain quality are described.
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Introduction. High yields in various soil/climatic conditions are the main factor in the
competitiveness of triticale as a grain fodder crop. In Belarus, the crop is represented mainly by
the more productive winter form, as evidenced by sown area and number of released varieties [1,
2]. In 2020, the triticale crops on the territory of the Republic occupied 451,800 hectares, and
winter triticale accounted for 438,000 hectares (96.7%) [3]. Of the 32 triticale varieties included
in the State Register of the Republic of Belarus (2020), 23 domestic (10) and foreign (13)
varieties are winter ones. In addition to domestic varieties, eight Polish, three German, one
Ukrainian and one French winter varieties are allowed for cultivation on the territory of the
Republic, with different areas of admissibility. The dynamic evolutionary formation of the
triticale crop is associated with significant genotypic and modification variabilities of
quantitative traits and a broad morphogenesis affected by biotic and abiotic factors [4, 5].

Our purpose was to assess the variability of quantitative traits in winter triticale grown
by conventional and intensive cultivation technologies in Belarus.

Materials and methods. Winter hexaploid triticale (X Triticosecale Wittm. & A. Camus,
2n = 42) varieties and promising accessions bred in Belarus and other countries (Poland,
Ukraine, Russia) from a competitive variety trial nursery were studied. Thirty accessions were
tested annually in the experimental fields of the Research and Practical Centre of the National
Academy of Sciences of Belarus for Arable Farming using conventional and intensive
cultivation technologies in accordance with the industry regulations [6]. Upon intensive
cultivation, additional doses of nitrogen fertilizers, trace elements (Cu, Mn), growth regulators
and fungicides were applied. The plot area was 10 m’; the replication number was three; the
design was randomized; the seeding rate was 4.5 million viable seeds per hectare; the
observation period was in 2011-2020.

We determined the yield, the grain number and weight from the main spike, test weight,
and 1000-grain weight. The contents of crude protein, gluten and starch in grain were determined
by near-infrared spectroscopy: the standard error of calibration and the coefficient of
determination for crude protein (as total nitrogen) were 0.05 and 0.98, respectively; for gluten —
1.36 and 0.91, respectively; and for crude starch — 1.15 and 0.87, respectively. Data were
statistically processed, as Dospekhov described [7].

The weather factors influencing the yield were not uniform during the observation period.
Five out of ten years can be categorized as unfavorable ones, through the lens of fulfilling the
performance potential. In 2011, 2013 and 2019, a severe (5-7 points) massive snow mold-
induced damage to winter triticale fields was the main factor limiting the yield. The water deficit
negatively affected the triticale yield in 2015 and, especially, in 2018, when the precipitation
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lack was protracted: in April there was 47% of the mean annual precipitation, in May — 17% and
in June — 43%.

Results and discussion. The yields from winter triticale varieties and promising
accessions in the competitive variety trial nursery averaged 6.93 and 7.78 t/ha when they were
grown by conventional and intensive technologies, respectively (Tables 1, 2). The minimum
yields were received with both technologies in 2013 (5.09 t/ha and 6.15 t/ha, respectively); the
maximum yields — in 2017 (9.39 t/ha and 10.88 t/ha, respectively). The variational analysis of
the average annual yield values showed that the modification (environmental) variability of this
indicator was moderate (conventional technology) or considerable (intensive technology),
indicating significant effects of the weather on the fulfillment of the biological potential of the
winter triticale performance.

During the observation period, the grain number from the main spike in winter triticale
averaged 48.4 (conventional technology) or 50.3 (intensive technology), with low environmental
variability (8.02-9.19%). This level of the grain number was considered as high as per the
Triticale classifier scale [8].

Table 1.
Winter triticale yield, performance and grain quality (competitive variety trial,
conventional technology of cultivation)

. Main spike Test 1000- rude Crude

Yield, : . grain . Gluten,
Year : gram weight, . protein, starch, *

cwt/ha gran weight 1 weight, %0 % o

number o ’ g g /o /o

2011 59.7 49.6 2.21 718 44.1 14.0 — 68.0
2012 68.2 424 1.83 709 43.5 9.9 - 71.9
2013 50.9 46.2 1.95 680 42.4 9.9 12.4 72.2
2014 77.9 44.1 2.08 730 47.1 10.5 14.2 71.5
2015 63.1 46.4 2.17 714 46.8 9.4 16.7 71.2
2016 71.6 46.1 2.02 670 43.9 9.6 18.2 68.8
2017 93.9 52.2 2.65 716 50.6 8.5 6.2 77.1
2018 62.7 49.5 2.49 706 50.6 11.2 14.7 72.5
2019 63.1 57.9 3.09 695 53.5 12.7 21.9 73.8
2020 82.2 49.3 2.34 711 47.6 13.7 18.9 71.7

Mean 69.3£3.9 48.4+1.4 2.28+0.12 705+6 47.0+£1.2 10.9+0.6 15.4+1.7 71.9+0.8
Range  50.9-93.9 42.4-57.9 1.83-3.09 670-730 42.4-53.5 8.5-14.0 6.2-21.9 68.0-77.1

Coefficient
of varia- 18.01 9.16 16.50 2.59 7.77 17.40 31.01 3.49
tion, %

Note: * adjusted for absolutely dry matter.

The maximum number of grains from the main spike (59.2) was recorded with intensive
technology in 2019 (Table 2).

Differentiation of the average annual values of another constituent of the spike
performance — grain weight - was more pronounced, as evidenced by the coefficients of variation
of the trait (16.50-17.79%). Obviously, there should be a close positive correlation between
these biometric parameters of the spike. Correlation analysis showed that in winter triticale
accession grown by conventional technology the degree of contingency between the amount and
weight of grain from the main spike was 92.0%. The use of additional elements of intensification
somewhat weakened this relationship, reducing it to 81.4%.

It should also be noted that in 2019 the maximum performance of the main spike in
winter triticale was combined with the minimum number of productive stems. Assessment of the
effect of this trait on the spike parameters showed negative, medium and insignificant
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coefficients of correlation. Thus, the share of changes in the indicators of the grain amount and
weight from the main spike depending on the number of productive stems was about 30% for the
both cultivation technologies.

Table 2.
Winter triticale performance and grain quality (competitive variety trial, intensive
technology of cultivation)

. Main spike Test 1000- Crude Crude
Year Yield, : : weight grain  protein,* Gluten, % starch,*
cwt/ha  gran grain ’ . o ’ o)

number weight,g &L  weight. g /o /o
2011 64.8 50.4 2.28 727 45.1 14.3 - 67.4
2012 79.8 47.7 2.02 705 42.3 10.8 — 70.3
2013 61.5 49.6 1.94 664 39.7 10.2 14.0 72.0
2014 81.3 45.4 2.01 742 43.5 11.0 16.3 71.4
2015 69.1 46.5 2.12 720 45.8 11.4 18.9 69.0
2016 72.8 47.6 2.01 655 42.3 12.2 25.6 65.3
2017 108.8 53.8 2.87 733 53.2 9.0 5.7 76.0
2018 68.9 51.5 2.72 712 53.1 11.8 19.1 71.2
2019 64.5 59.2 3.11 700 52.8 13.2 24.5 73.6
2020 106.9 51.0 2.59 709 50.9 14.0 20.0 71.9

Mean  77.8+5.4 50.3+1.3 2.37+0.13 70749 46.9+1.6 11.8+0.5 18.0+2.2 70.8+1.0

Range 61105_8 45.4-59.2 1.94-3.11 655-742 39.7-53.2 9.0-14.3 5.7-25.6 65.3-76.0

Coefficient
.Of. 21.90 8.02 17.79 3.96 11.00 14.25 34.87 4.30
variation,
%

Note: * adjusted for absolutely dry matter.

Features of the triticale grain structure affect technological indicators of the crop. The test
weight in triticale is lower in comparison with wheat, which is due to longer and less spherical
caryopses [9]. In addition, the triticale caryopsis has a wrinkled pericarp, increasing the outer
surface area and negatively affecting the grain density and teat weight. All the test weight values
presented in Table 1 and Table 2 belonged to the middle category as per the classifier scale,
since they were within the range of 651-751 g/L [8]. The test weight is the most environmentally
stable quantitative trait of winter triticale.

The triticale grain size determines fairly high values of the 1000-grains weight exceeding
corresponding values for rye and wheat grains. Recently, the indicator has stabilized at the
optimal level for winter triticale (4448 g), which, to a certain extent, allows combining the
caryopsis compactness and plumpness. On average, over the observation period, the 1000-grain
weight in the winter triticale accessions was 47.0 and 46.9 g upon conventional and intensive
cultivation technologies, respectively. Additional methods of intensification did not significantly
affect on this indicator, but increased the modification variability of the trait (Table 2).

Analysis of the correlations between the technological indicators, teat weight and 1000-
grain weight, showed positive insignificant correlation coefficients for conventional and
intensive technologies of cultivation: r = 0.26 and 0.42, respectively.

The storage substance contents in winter triticale grain of significantly differed,
depending on the intensification of cultivation and the impact of the environment. The use of
additional nitrogen and trace elements significantly increased the crude protein and gluten
contents and, accordingly, decreased the crude starch content. The maximum protein content in
winter triticale grain (14.3%) was recorded in 2011; it is the medium level as per the classifier
scale. As the breeding practice has shown, achievement of a high amount of crude protein
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(>15.1%) in winter triticale grain grown in the soil-climatic zone of Belarus is a difficult
challenge, especially if the performance potential of the genotype is preserved [10]. Its solution,
along with methods of distant hybridization and molecular genetics, may be facilitated by global
warming.

Typically, the gluten content in winter triticale is low, which is confirmed by data of the
last eight-year observations. There was a strong significant (p = 0.05) correlation between the
protein and gluten contents in winter ftriticale grain: correlation coefficients r = 0.70
(conventional technology) and 0.94 (intensive technology). Wide modification variability is a
distinctive feature of the "gluten content" trait. The "starch content" trait, on the contrary, along
with the test weight, is amongst the most stable quantitative traits in winter triticale. The starch
content in grain varied slightly both over the study years and between the cultivation
technologies.

The studied quantitative traits of the winter triticale accessions from the competitive
variety trial nursery were characterized by different levels of genotypic (varietal) variability.
Such indicators as the gluten content, yield and grain weight per ear per spike were the most
variable, while the test weight and crude starch content — the least variable (Table 3). The
genotypic variability of the other traits of winter triticale was moderate. It should be noted that
the use of additional methods of intensification changed the absolute values of the indicators, but
did not have a key effect on the level of their varietal variability.

Table 3.
Genotypic variability of quantitative traits in the winter triticale accessions: 1-conventional
technology, 2-intensive technology (2011-2020, n = 285)

Trait Range Coefficient of variation, %

Yield, t/ha 37.0-103.6 42 .8-127.7 20.02 22.89
QGrain number 29.6-68.6 32.9-749 13.06 13.46
Grain weight, g 1.35-3.81 1.29-3.78 19.97 20.71
Test weight, g/L 635-765 615-770 3.70 4.44
1000-grain weight, g 34.0-65.2 30.6-62.8 12.97 14.77
Crude protein, % (adjusted

for absolutely dry matter) 7.5-15.3 7.7-16.1 17.04 15.37
Gluten*, % 2.6-29.5 22-32.7 33.35 38.38

o )
Crude starch, % (adjusted for ¢y 795 603793 3.72 4.82

absolutely dry matter)

Note: * n= 235 accessions.

Conclusions. The study of the quantitative traits of winter triticale varieties and
promising accessions grown in Belarus using conventional and intensive cultivation technologies
allowed for assessments of their values and wvariability ranges. The maximum stability
(environmental and genotypic) was intrinsic to such indicators of winter triticale as the test
weight and crude starch content, while the minimum — to the gluten content and yield.

The use of additional methods of intensification changed the absolute values of the
quantitative traits, but did not have a key effect on the level of their variability.
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MIH/IMBICTb KUUVIBKICHUX O3HAK O3UMOI'O TPUTIKAJIE B YMOBAX
HEHTPAJIBHOI'O PETIOHY BLIIOPYCI

Mumosa H.II., be3mroguuii B.H.
HBII HAH binopyci o 3emnepo6ctBy, M. XKoniro, binopycek

Meta. OuiHUTH MIHJIUBICTh KUIBKICHUX O3HAaK O3MMOTO TpPHTIKale, SKE BHPOIIYETHCS 3a
3BUYAMHOIO Ta IHTEHCHBHOIO TEXHOJIOTIE€I0 B yMoBax binopyci.

Marepiaim i meroaun. O6’ektoM nocnimpkeHHs Oynu 30 copTiB 1 MEPCHEKTUBHHUX 3pa3KiB
o3uMoro rekcaroigHoro Tpurtikane (X Triticosecale Wittm. & A. Camus, 2n=42)
BITUM3HAHOT Ta 3akopaoHHO1 cenekiii ([Tonpira, Yipaina, Pocis) 3 po3cagauka KOHKYPCHOTO
COPTOBUMPOOYBaHHS. 3pa3Ku IMIOPIYHO TECTYBAIM HA JOCIHITHUX TMOJSIX HAyKOBO-
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npakTUYHOTo HeHTpy HanionansHOi akagemii Hayk binopyci mo 3emiaepoOcTBy 3a 3BHUAitHOIO
Ta IHTCHCHBHOIO TEXHOJIOTI€I0 BHpONIyBaHHS. [Ipu IHTEHCHBHOMY piBHI BUPOITyBaHHS
3aCTOCOBYBAJIM JOAATKOBY /103y a30THUX A00puB, MikpoenemeHTH (Cu, Mn), peryastopu
pocry Ta ¢ynrimmmy. [lnoma xinsHkE — 10 M, TOBTOPEHHS — TPHOXKPATHE, PO3MIIICHHS
JIUISHOK paHAOMi30BaHe, HOpMa BHCIBY 4,5 MIIH CXOXXOTO HAcCiHHS Ha TeKTap, Iepiof
criocrepexxkens — 2011-2020 pp.

BusnaueHo BpOXKalHICTh, KIIBKICTh Ta Macy 3€peH OCHOBHOTO Koisioca, Hatypy i macy 1000
3epeH. BmicT B 3epHi cUporo mpoTeiHy, KJICHKOBHHU Ta KPOXMAaJll0 BHU3HAYAIM METOJIOM
OnmmkHbO1 1HpadepBOHOT cHekTpockorii. CTaTHCTUYHY OOpOOKY HaHMX MPOBOIWIM 3a
JocnexoBeiM b.A.

OOroBopeHHsi pe3yJabTaTiB. Y CTaTTi NPEACTaBICHO pE3yJIbTaTH O0araToOpidyHOTO BHBYEHHS
KUIBKICHUX O3HaK COPTIB 1 3pa3KiB 03MMOI'0 TPUTIKAJIC, BUPOIICHUX B IPYHTOBO-KJIIMATHUYHUX
yMOBaxX HEHTpPaJbHOrO perioHy binmopyci 3a 3BHYaiiHOIO Ta IHTEHCHBHOIO TEXHOJIOTIEIO.
[ToxazaHo cTymniHb BIUIMBY PiBHsI iHTEHCU(IKaIlli Ha BPOXKAMHICTD, €JIEMEHTH MPOAYKTHBHOCTI
Ta SIKICTh 3epHa TPHUTIKAJE.

BucHoBkH. MakcUManbHOIO CTaOLIBHICTIO XapaKTEPU3yBaJIUCS MOKA3HUKH O3MMOI0 TPUTIKale
«HaTypa 3epHa» Ta «BMICT CHPOTO KPOXMAJI0»; MiHIMAIbHOIO — «BMICT KICHKOBHHH» Ta
«BpPOXKAMHICTBY. 3aCTOCYBaHHS JOJATKOBUX MPUHOMIB iHTEHCH]IKaIlli 3MIHIOBAIO aOCOIIOTHI
3HAYCHHS KUTbKICHUX O3HAK, aJieé He MaJIO CYTTEBOTO BILTUBY Ha PiBEHb 1X MIHJIUBOCTI.

Kniwouosi cnosa: mpumixane o3ume, mexHoli02isi 6UPOUSYBAHHS, BPOANCAUHICMb, KIIbKICHA
O3HAKA, MIHIUBICIb

HU3MEHYHUBOCTH KO/IHYECTBEHHBIX IIPU3HAKOB O3HMOI' O TPUTHKAJIE B
YCII0BUAX HEHTPA/IBHOI'O PETHOHA BEJIAPYCH

Mumnosa H.I1., be3nroausiii B.H.
HIILl HAH benapycu no 3emnenenuto, r. XXoauno, benapychb

Heab. OueHuTs HW3MEHYMBOCTh  KOJMYECTBEHHBIX IPU3HAKOB O3UMOTO  TPHUTHUKAIE,
BBIPAIMBAEMOr0 MO OOBIYHOM W WHTEHCHUBHOW TEXHOJOTHSM BO3JENBIBAHUS B YCIIOBHUAX
benapycu.

Marepunansl u Meroabl. O0bekTOM wuccienoBaHuid ObuIM 30 COPTOB M TNEPCHEKTHUBHBIX
00pa311oB 03UMoro rekcariongHoro Tputukane (X Triticosecale Wittm. & A. Camus, 2n=42)
oTeuecTBeHHOW M 3apyOexxHoi cenekuuu ([lonmpma, VYkpauna, Poccus) M3 NUTOMHHKa
KOHKYPCHOTO copToucnblTaHus. OOpa3ubl €XeroJHo TECTUPOBAIM Ha ONBITHBIX MOJIX
Hay4yHO-IIpakTH4ecKkoro neHTpa HamuonansHOW akagemuu Hayk bemapycu mo 3emiiefenuio
N0 OObIYHOW M MHTEHCHBHOH TEXHOJIOTHSM BoO3JenbiBaHUsA. [Ipy HMHTEHCHMBHOM YpOBHE
BO3/ICJIBIBAHUS TPUMEHSUIM JOIMOJIHUTENBHYIO /103y a30THBIX YIOOpPEHHH, MUKPO3JIEMEHTHI
(Cu, Mn), perymsropsl pocta i dyHrumumsl. Ihiomans aensHkd — 10 Mm%, mMOBTOpeHHe —
TPEXKpPAaTHOE PEHIOMM3MPOBAHHOE, HOpMa BbiceBa 4,5 MIIH BCXOXXHMX CEMSH Ha TeKTap,
nepuos HaOmoneHuit —2011-2020 rr.

Onpenenuiiym ypoxaitHOCTh, KOJTUYECTBO M MAacCy 3€peH TJIaBHOTO KoJyioca, HaTypy 1 Maccy 1000
3epeH. CoaepkaHuEe B 3€pHE CHIPOrO IMPOTEMHA, KIEUKOBUHBI M Kpaxmaja ONpPEeIININ
METO/IOM OJIMKHEW WH(paKpacHOW creKTpockonmuu. CTaTUCTHUECKYyt0 00paOOTKY JaHHBIX
nposoauiu no Jlocrexosy b.A.

O0cy:xneHue pe3yjibTATOB.

B crarbe mpencraBieHbl pe3ysbTaThl MHOTOJIETHETO M3YYEHHUS KOJMYECTBEHHBIX MPHU3HAKOB
COPTOB W 00pa3lloB O3MMOI0 TPHUTHKAJE, BBIPAIIMBAEMBIX B IMOYBEHHO-KIMMATHUYECKUX
YCIOBHUAX HEHTPAJbHOrO peruoHa bemapycu mo OOBIYHOM M MHTEHCHBHOM TEXHOJIOTHAM
Bo3JenbiBaHus. [lokazaHa creneHb BIUSHUS YpPOBHS WHTEHCHU(UKAUU Ha YpPOKaWHOCTD,
AJIEMEHTHI MPOYKTUBHOCTH M KAYECTBO 3€pHA TPUTHUKAJIE.
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BbIBoABI. MakcUManbHOM CTaOUIBHOCTHIO XapaKTEPU30BATHUCH TIOKA3aTEIH 03UMOT0 TPUTHKAIIE
«HATypa 3€pHa» M «COACPXKAHUE CBIPOTO KpaxMala», MHUHUMAIbHOM — «COJEp)KaHUE
KJICMKOBUHBI» U «ypO>KaHOCTHY». [IpuMeHeHne JONOTHUTENbHBIX TPUEMOB UHTEHCU(HUKAIIN
U3MEHSUI0 a0COJIIOTHBIE 3HAYEHMs KOJMUYECTBEHHBIX IIPU3HAKOB, HO HE OKa3bIBAJIO
OIPEAEIISAIONIErO BIUSHUS Ha YPOBEHb UX U3MEHYMBOCTH.

Kniouegvie cnoesa: mpumukaie o3umoe, nmexHoio2cus 603a€]lbleaHuﬂ, ypOJfC‘anHOC'mb,
Koju4ecmeeHHnvle npu3HaKku, UsmeH4ueocnib

VARIABILITY OF QUANTITATIVE TRAITS IN WINTER TRITICALE IN THE CENTRAL
REGION OF BELARUS

Shishlova N.P., Bezliudny V.N.
Research and Practical Centre of the National Academy of Sciences of Belarus for Arable
Farming

Introduction: The article presents the results of a long-term study of quantitative traits in winter
triticale varieties and accessions grown in the soil/climatic conditions of the central region of
Belarus using conventional and intensive cultivation technologies. The effects of the
intensification level on the yield, performance constituents and triticale grain quality are
described.

Purpose: to assess the variability of quantitative traits in winter triticale grown by conventional
and intensive cultivation technologies in Belarus.

Material and methods: Winter hexaploid triticale varieties and promising accessions grown by
traditional and intensive technologies in a competitive variety trial nursery were studied. The
plot area was 10 m”; the replication number was three; the design was randomized; the
seeding rate was 4.5 million viable seeds per hectare; the observation period was in 2011-
2020. Upon intensive cultivation, additional doses of nitrogen fertilizers, trace elements (Cu,
Mn), growth regulators and fungicides were applied. The contents of crude protein, gluten and
starch in grain were determined by near-infrared spectroscopy

Results and discussion: During the observation period, the average yield from the winter
triticale accessions in the competitive variety trial nursery was on 69.3 dt/ha and 77.8 dt/ha
upon the application of traditional and intensive cultivation technologies, respectively. The
additional factors of intensification increased the yield by 8.5 dt/ha or by 12.3 %. The
constituents of the main spike performance as well as contents of crude protein and gluten in
winter triticale grain also grew. Strengthening of intensification of the cultivation technology
didn’t significantly affect the test weight, 1000-grain weight or crude protein content.

Conclusions. The use of additional methods of intensification was demonstrated to change the
absolute values of the winter triticale indicators, to have no key impact on the level of their
environmental of genotypic variability. The test weight and crude protein content were the
most stable traits, while the gluten content and yield — the least stable ones, as their values
were determined by both varietal specificity and environmental factors.

Key words: winter triticale, cultivation technology, yield, quantitative traits, variation.
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