ﬂ leHeTUuecKne pecypcbl pacTeHnii
~ OPWIVMHAMbHOE MCCJIENOBAHWE / ORIGINAL ARTICLE

BaBunoBcKuii XKypHan reHeTnkn 1 cenekuymn. 2018;22(3):304-309
DOI 10.18699/V)18.364

A comparative study of spring triticale varieties
in the Western Siberian forest-steppe zone
under different conditions of vegetation

A. Cheshkova! @, P. Stepochkin?, A. Aleynikov!, I. Grebennikoval, D. Chanyshev!

1 Siberian Federal Scientific Centre of Agro-BioTechnologies RAS, Krasnoobsk, Novosibirsk region, Russia
2 Siberian Research Institute of Plant Production and Breeding — Branch of the Institute of Cytology and Genetics SB RAS, Krasnoobsk,

Novosibirsk region, Russia

Spring triticale (x Triticosecale Wittmack) for Western Siberia

is new and poorly studied culture. The objective of this study
was to investigate the potential of spring triticale varieties and
breeding lines and their adaptation to different conditions in
Western Siberia. A field experiment was conducted in Novo-
sibirsk region, Russia in 2014. The experiment included seven
spring triticale genotypes: the elite variety Ukro, three mutant
forms of the facultative type of development (Sirs 57/2/4,
Cecad 90/5, 0.312/38) and three hybrids (Sirs 57/2/4 x Ukro,
Ukro x K-3881, the complex hybrid winter wheat Filatovka x
winter rye Korotkostebelnaya 69304 x Sirs 57/2/4). They were
studied at two sowing rates (400 seeds per m? and 800 seeds
per m?) and on two sowing dates (15 May 2014 and 27 May
2014). The following attributes were measured: grain yield,
number of ears, plant height, yield components (ear length,
number of spikelets per ear, number of grains per ear, grains
weight per ear) and yield quality (1000-grain weight and test
weight of one-liter grain volume). The three-factor analysis of
variance revealed that sowing rate effect explained the major
part of the total experimental variation in almost all of the
traits, except 1000-grain weight and test weight, the variation
of which was determined predominantly by genotype effect.
The highest grain productivity of varieties was obtained for
the 15 May sowing date at the 400 seeds per m? sowing rate.
The three mutant forms used in the experiment showed a

lower level of adaptability in comparison with the variety Ukro.

Key words: adaptation; density; sowing period; spring triticale;
yield components.
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H3yueHue popM SIpOBOro TPUTUKAJIE
B jiecocTenu 3anagHoii Cubupm

IIPU pa3HbIX YCIOBUSIX

JIeTHell Beretalmnmn

A.@. Yemxosal! @, IL.U. Crénoukun?, A.O. AreitHuxos!,
W.T. Ipe6ennnkonal, A.V. Yanbimes!

1 Cnbupckunii depepanbHblii HayUYHbIN LLEHTP arpobuoTexHonornin
Poccuiickoin akagemmm Hayk, HoBocnburpckas obnacTb,
HoBocnbumpckuin painoH, p.n. KpacHoobck, Poccua

2 CUBMPCKNI HayUHO-UCCIEI0BATENbCKUI UHCTUTYT PacTeHNeBOACTBA
n cenekuymn — punuan OepgepanbHOro NCCNEA0BATENBCKOrO LEHTPa
WHCTUTYT uutonorum n reHetukn Cnbupckoro otaeneHns Poccuiickon
akagemun Hayk, HoBocnbupck, Poccus

fApoBo TputunKane (x Triticosecale Wittmack) ans 3anagHo-
CunbupcKoro pervioHa ABNAETCA OTHOCUTENIBHO HOBOW U Masno-
N3yyeHHown KynbTypoli. Llenb faHHOro nccneposaHua — onpe-
fleneHvie BO3MOXXHOCTel aganTaumm COpToB U rmbpugos Apo-
BOro TPUTMKase K pasfvyHbIM yCIOBUAM NPON3pacTaHnA B
3anagHon Cnbrpu. dkcnepumeHT npooauncs B 2014 1. Ha
onbITHOM nosne Cnérpckoro depepanbHOro HayYHoro LieHTpa
arpo6uotexHonoruin PAH. Vi3yyanucb cemb ¢opm spoBoro
TPUTKKane: Tpu MyTaHTHble popMmbl GaKynbTaTUBHOIO TMNa
passuTua (Cnpc 57/2/4, Llekag 90/5, 0.312/38), Tpu rubpupa Fg
(Cupc 57/2/4 x YKpo, YKpo x K-3881, clioXHbI TMbprA 03umas
nweHunua OunatoBKa X 03umasn poxb KopoTkocTebenbHasa 69 X
Cupc 57/2/4) v copt YKpo — obpasel 13 konnekumn BUP ¢ Ka-
TanoXHbIM HoMepoMm K-3644. OnbIT 6bin MpoBeAeH Npu ABYX
HopMax BbiceBa (400 3epeH Ha 1 m? 11 800 3epeH Ha 1 M?) 1
[BYX cpoKax nocesa (15.05.2014 n 27.05.2014) B yeTbipex no-
BTOPHOCTAX. O6pasLbl OLEeHVBaNVCh NO AEBATU NPU3HAKaM,
CBA3aHHBIM C YPOXKaNHOCTbIO 1 KaUeCTBOM 3epHa (06w

BEC 3epeH, YNCII0 NPOAYKTUBHBIX NOGEroB, BbICOTa pacTeHus,
ANNHA KOJOCa, YNCNO KOJTOCKOB B KONOCE, YNCIO 3ePEH B KO-
noce, Bec 3epeH konoca, macca 1000 3epeH, HaTypa 3epHa).

B pe3ynbTaTe npoBeaeHHOro Tpex$pakTOPHOro AMCNePCUOH-
HOrO aHasiM3a yCTaHOBJIEHO, YTO Pa3NYNA B NIOTHOCTU CeBa
ABAANNCDH IMaBHbIM UCTOYHMKOM BapriaLi 60JbLUMHCTBA
n3y4aemblx Npu3HaKkoB. Tonbko Bapraumm maccbl 1000 3epeH
1 HaTypbl 3epHa OblIn 06YCIOBIEHbI MTPENMYLLECTBEHHO reHo-
TUMNYECKUMMN OCOGEHHOCTAMY pacTeHnin. Hanbonbluas 3epHo-
Bas NPOAYKTUBHOCTb 06Pa3LIOB MoJTyyeHa Npu CPoKe nocesa
15.05.2014 v nnoTtHocTU nocesa 400 3epeH Ha 1 M2, MyTaHT-
Hble $OpPMbl APOBOro TPUTMKaJE B MPOBELEHHOM OMbiTe Mo-
Kasanu 6onee HY3KNI YpOBEHb aAaNTUBHOCTY K Pa3fiINYHbIM
YCNOBUAM NPOU3PACTaHNA NO CPABHEHWIO C COPTOM YKpO.

KnioueBble cnosa: HpOBOI?I TPUTKane; NN1OTHOCTb NOCEBa;
CpOKM CceBa; agantaynAa COPTOB.



high-yield potential of wheat with the biotic and abiotic

stress tolerance of rye, making it suitable for production in
marginal areas (Badiyal et al., 2014; Arough et al., 2016). The
main triticale-growing areas are Belarus, France, Germany
and Poland (FAO, 2015; Losert et al., 2017).

In the Western Siberian region also, winter triticale is wide-
ly cultivated. For more than 10 years, Siberian farmers have
been planting the varieties Cecad 90 and Sirs 57, developed
by the Siberian Research Institute of Plant Production and
Breeding — Branch of the Institute of Cytology and Genetics
(SibRIPP&B). These varieties have an awnless spike and
are donors of short straw, inherited from the rye variety Ko-
rotkostebelnaya 69 that possesses a dominant gene for short
stem (Styopochkin, 2001). These varieties occupy an area of
more than 30,000 hectares in Western Siberia. However, the
Siberian climate provides a permanent risk of freezing injury
for all winter crops, including triticale.

Spring triticale for Western Siberia is new and poorly
studied culture. Most of the samples from the world VIR
(N.L Vavilov All-Russian Institute of Plant Genetic Resources)
collection studied at SibRIPP&B are not adopted enough to
the forest-steppe conditions of Western Siberia. They have a
long straw, an awned spike and a tendency to lodging. Such
as Ukrainian cultivar Ukro. It is necessary to evaluate the best
samples of the world collection and some breeding forms
under different natural conditions for their grain production
potential and components of productivity.

In the populations of winter cultivars Cecad 90, Sirs 57,
and a selection form 0.312, mutant plants were found, which
were capable of shifting to the generative development without
vernalization. Sown in autumn, they develop as winter forms;
sown in spring, they develop as spring forms. Thus, these mu-
tant forms have actually the facultative type of development.
The aim of the research was to study the main yield compo-
nents of these three mutant forms in comparison with other
three hybrids of spring triticale and the cultivar Ukro under
different growth conditions in the Western Siberian region.

Grain yield of triticale is usually positively correlated with
number of ears per square meter and the yield components of
the ear — ear length, number of spikelets per ear, number of
grains per ear, and grain weight per ear (Stoyanov, Baycheyv,
2015; Cheshkova et al., 2016). All of these yield components
are highly influenced by different environmental and techno-
logical factors (Dumbrava et al., 2016; Kuhling et al., 2017)
and by genotype of plants (Tams et al., 2004). Thus, for the
completeness of the study, it is necessary to take into account
all the components of triticale productivity.

B eing a cross between wheat and rye, triticale combines the

Materials and methods
Study area and conditions. The study was conducted in No-
vosibirsk region, Russia (54°55'11" N, 82°59'27" E) in 2014.
The experimental field was located in the forest-steppe zone,
the soil composition of which is leached black soil of average
thickness (40 cm) with humus content = 6—8 %, total nitro-
gen = 0.3-0.4 %, P,05 = 0.17 %, K,O = 20-25 mg/100 g,
pH=5.0-5.1.

The meteorological conditions during the period of pho-
tosynthetic activity, growth and development of plants were
not sufficiently balanced in temperature regime and moisture
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supply. The crop-growing period of 2014 was characterized
by an increased sum of the effective temperatures (1577.4 in
comparison with the multi-year average value of 1317) and
an nonsignificant lack of moisture (the sum of rainfall during
the growing season was 193.2 mm or 91.0 % of the multi-year
average value). In June, July and August, the mean monthly
temperature was 17.4, 20.2 and 18.4 °C, respectively, — or
0.5, 0.8 and 2.2 °C above the multi-year average. The amount
of rainfall in June was 32.0 %; in July, 126.0 %; in August,
48.0 % of the multi-year average value.

Plant material. The experiment included seven triticale
genotypes (Table 1).

Experimental design and measurements. Seedlings were
grown manually in fallow soil at two sowing rates (400 seeds
per m? and 800 seeds per m?) and on two sowing dates (15 May
2014 and 27 May 2014). The experimental field was divided
into four main plots 1.5 m wide x 4.5 m long for each of 2x2
combinations of sowing rates and sowing dates. In each plot,
7 genotypes were arranged in 7 X 4 subplots in a randomized
complete block design with four replications.

At maturity, the number of productive stems (number of
ears) was recorded from 0.09 m? for each experimental vari-
ant. Then plants were harvested from that area, grain weight
was recorded, and grain yield was determined.

The plants from each replication were taken for the analysis
of plant productivity elements. The following plant traits were
measured: plant height, ear length, number of spikelets per ear,
number of grains per ear, and grain weight per ear.

Weight of 1000 grains was calculated from the weight of
three sets of 100 randomly chosen grains for each experimental
variant. Test-weight of one-liter grain volume was calculated
using the method of grains measure in a micro-vessel (Ste-
pochkina, Stepochkin, 2015).

Statistical analysis. The package ‘R’ (R Development Core
Team, 2014) was used for the statistical analysis. A mixed
model was fitted, in which sowing rates, sowing dates and
genotypes were considered fixed factors and replications were
considered random effects. Normality of model residuals was
assessed by Shapiro—Wilk test, and homogeneity of variance
was assessed by Levene’s test. Fisher’s least significant dif-
ference (LSD) test was used to identify differences between
treatment means at p < 0.05 (Teetor, 2011).

Results

The June drought adversely affected the development of
plants. Many drought-weakened plants at the beginning of the
tillering phase were damaged by insect pests. The most dam-
aged were the hybrid FKS and two mutant forms, Cecad 90/5
and 0.312/38.

The analysis of variance showed that all main factors for
almost all traits under study were significant (Table 2); only
test weight was not affected by the sowing date. The variability
induced by sowing rate constituted a major part of the varia-
tion in number of ears, ear length, number of spikelets per ear,
number of grains per ear, grain weight per ear and grain yield;
while variation in plant height, 1000-grains weight and test
weight was explained to a greater extent by genotype effect.

Among the genotypes examined (Fig. 1), Ukro had the
highest values for ear number, plant height, grain weight per
ear, 1000-grain weight and grain yield. Sirs 57/2/4 showed
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Table 1. Triticale lines and cultivars studied

Name Origin Description
koK) Ukraine  Acultivar from VIR collection, catalog number K-3644
Siss7/2/450) Russia, Novosibirsk Mutantform
‘Cecado0/5(COO)

0312380312

Sirs57/2/4xUkro (SxUK) > WybridFs
 Ukrox Mexican sample of VIR collection K-3881 (UKxK)

Winter wheat Filatovka x winter rye Korotkostebelnaya 69x ~ » Complexhybrid,Fs
Sirs 57/2/4 (FKS)

Table 2. Analysis of variance (percentage of the sum of squares) for morphological traits and yield components of triticale varieties
grown at different sowing rates and under different sowing dates

Source of variation d.f.  Number Plant Ear Number Number Grain 1000-grain  Grain Test
of ears height length of spikelets of grains weight  weight yield weight
per ear perear  perear

Genotypexsowing datex 6 333 5.03%** 227 3.69%* 1.69 238 3.82%%* 1.00 2.77%%
sowing rate
Error 84 28.6 9.54 19.8 19.1 274 284 10.9 18.2 15.8

* **and***

Significant at 0.1, 0.05 and 0.01 significance level, respectively.

LSD=7.6 LSD=3.8
o e
5 § §
s £ £
° £, 60 <,
o) [ =
£ 30 =
2 & 8
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LSD=0.3

Number of grains per ear
Grains weight per ear, gr

Number of spikelets per ear

LSD=10.8

600

400

Grain yield, gr

200

Weight of 1000 grains, gr
Weight of 1liter of grains, gr

UK SxUK UKxK S57 (C90 0312 FKS

UK SxUK UKxK S57 C90 0312 FKS UK SxUK UKxK S57 C90 0312 FKS

Fig. 1. Mean values (+SE) of morphological traits and yield components of triticale varieties.
LSD, Least Significant Difference with p < 0.05.
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Fig. 2. Boxplots for traits under study at four experimental plots.

Numbers on X-axis are: 1, seeded on 15 May at 400 seeds per m2; 2, seeded on 27 May at 400 seeds per m2; 3, seeded on 15 May at
800 seeds per m2; 4, seeded on 27 May at 800 seeds per m2.

the highest values for ear length, number of spikelets per ear
and number of grains per ear. The lowest values of grain yield
were found for Cecad 90/5 and the complex hybrid FKS.

Sowing date x sowing rate interaction was significant
for plant height, ear length and number of spikelets per ear
(Fig. 2). The highest mean values for almost all the traits
were obtained for the 15 May sowing date at the 400 seeds
per m? sowing rate. The lowest, for the 27 May sowing date
at the 800 seeds per m? sowing rate. Thus, the later date of
sowing and the higher sowing density adversely affected
the yield components. However, the largest mean value for
test weight was for the 15 May sowing date at the 800 seeds
per m? sowing rate.

Genotype x sowing date interaction was significant for
number of ears, plant height, 1000-grain weight and grain
yield. Differences in the mean values of traits under study
between triticale varieties seeded on 15 May and those seeded
on 27 May are shown in Figure 3. Most of the triticale variet-
ies had higher values of traits for the earlier than for the later
sowing date. Only the hybrid Sirs 57/2/4 x Ukro had lower
number of ears, plant height, 1000-grain weight and grain
yield for the first date compared to the second date.

Genotype X sowing rate interaction was significant for
number of ears, plant height, ear length, number of spikelets
per ear, 1000-grain weight, grain yield and test weight. The
differences in mean values of traits between triticale variet-
ies seeded at 400 seeds per m? and those seeded at 800 seeds
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per m?are shown in Figure 4. For all triticale varieties, mean
values of number of ears, ear length, number of spikelets per
ear and grain yield were higher for the sowing rate of 400 seeds
per m? than for 800 seeds per m2. However, 1000-grain weight
was larger at 800 seeds per m? for Sirs 57/2/4, Cecad 90/5 and
Sirs 57/2/4 x Ukro; and test weight was larger at 800 seeds
per m? for all varieties, except FKS.

Discussion
The experiment showed that the mutant forms studied,
Sirs 57/2/4, Cecad 90/5 and 0.312/38, had a lower grain pro-
duction potential than the cultivar Ukro. This was attributable
to the fact that the mutant forms were obtained from winter
varieties adapted to the prolonged autumn-summer vegetation.
These results are in agreement with experiments on vernaliza-
tion response conducted by Herndl et al. (2008) and Kosner,
Pankova (2002).

The highest grain productivity of varieties was obtained
for the 15 May sowing date at the 400 seeds per m? sow-
ing rate. Later sowing date (27 May) and higher seed rate
(800 seeds per m?) can be considered stress factors, as
these factors decreased almost all yield components, except
1000-grain weight and test weight. These two traits, on the
contrary, showed higher values at the higher seed rate and
were not much affected by the sowing date. Similar results
were reported by Aparna et al. (2014), who indicated that
stress conditions reduced yield through lower grain number,
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Fig. 3. Effect of genotype x sowing date interaction for morphological traits and yield components of triticale varieties.

Dark bars indicate mean values (+ SE) for each variety seeded on 15 May 2014, light bars indicate mean values (+ SE) for each variety seeded on 27 May 2014.
LSD, Least Significant Difference with p < 0.05.
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but not through reduction in 1000-seed weight. In addition,
Dumbrava et al. (2016) concluded that high values of the test
weight were determined by the small number of ears per m?
and the small number of grains per ear, which influenced the
apparent density of grains.

The three-factor analysis of variance revealed that sowing
rate effect explained the major part of the total experimental
variation in almost all of the traits, except 1000-grain weight
and test weight, the variation of which was determined pre-
dominantly by genotype effect. That corresponds with earlier
reports by Burdujan et al. (2014).
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