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Abstract

The potential for high yield from cultural plants such as triticale is related to the increase of the stability and
plasticity of the cultivars. Therefore, it is necessary to test the different genotypes under variable conditions of the
environment. However, specific deviations from the normal weather are being observed increasingly more often,
related to limited and local phenomena, which, however, are the reason for strong decrease of yields. In order to
study the response of triticale under such conditions, eleven cultivars, bred in Dobrudzha Agricultural Institute,
were tested under two contrasting periods - 2014/2015 (favorable) and 2017/2018 (extremely unfavorable). The
parameters days to heading, plant height, number of productive tillers, number of grains in spike, 1000 kernel
weight, weight of grains in spike, yield and test weight were determined. The absolute and relative differences for
each parameter and cultivar between two compared periods were established. The obtained results showed that
the heading during the period unfavorable for triticale occurred with averagely 9 days earlier. In economic year
2017/2018, plant height did not follow the tendency typical for the investigated genotypes — cultivars Atila, Bu-
merang and Blagovest were with lower height than the typically shorter cultivars such as Vihren and Kolorit. The
number of grains in spike during the unfavorable period was influenced by the considerably higher air tempera-
tures in May, which was the reason for the lower yields. The late harvesting had significant effect on 1000 kernel
weight, yield and test weight due to the long-lasting intermittent rainfalls in July of 2018. Cultivar Bumerang was
characterized with highest yields and high plasticity based on the differences in the components of the yields be-
tween the two contrasting periods; this makes it highly valuable for growing in practice under the different soil
and climatic conditions of Bulgaria.
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INTRODUCTION

Obtaining high yields from the cultural plants is
related to the growing of cultivars, which are adapt-
able to certain soil and climatic conditions. This is as-
sociated with certain reactions of the plant organism
to the unfavorable effects of the environment typical
for the region, for which the respective cultivar was
bred. Under the contemporary conditions of the cli-
mate, non-specific weather dynamics is being more
frequently observed, which differs to a much high-
er degree from the long-term tendency typical for a
certain geographic or micro-geographic region. This

conditions untypical reactions in the plants of the
grown cultivars and leads to rather low yields. Con-
temporary breeding is not able to quickly respond
to such changeable environments. Nevertheless, it is
characterized as a dynamic process aimed at devel-
oping on the one hand of a wide range of diverse
genotypes, and on the other — of genotypes adaptable
to a wide range of conditions. Such a process implies
a detailed and thorough study on the response of a
large number of developed lines to the variable and
contrasting influences of the environment.

Triticale, although a typical cereal crop, is more
tolerant to the unfavorable conditions of the envi-
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ronment (Motzo et al., 2015; Randhawa et al., 2015;
Mendez-Espinosa et al., 2019). As early as the ini-
tial breeding stages of this crop, Larter et al. (1970)
demonstrated with the first triticale cultivar they de-
veloped that the crop is considerably more tolerant
to extremely unfavorable soil and climatic condi-
tions. Lelley (2006) and Mergoum et al. (2009) also
demonstrated the ability of triticale to realize high
results when grown on acid, saline and poor soils,
or in highly eroded soil horizons. The contempo-
rary triticale cultivars also show very good toler-
ance to abiotic stress both with regard to yield and
to its components (Cheshkova et al., 2018; Kendal et
al., 2019; Bezabih et al., 2019; Aseeva & Zenkina,
2019; Suresh et al., 2020; Giunta et al., 2020).
Regardless of the high stress tolerance observed
in triticale, there are certain combinations of the
weather elements (temperature, precipitation, atmo-
spheric humidity) which are capable of suppressing
the normal development of the crop to such a de-
gree that they reduce the absolute value of the yield.
Such meteorological effects are related to sudden or
long-lasting droughts, long periods with low temper-
atures without snow cover, long, abundant, uneven
and intensive rainfalls during the maturation stages,
etc. Under the conditions of South Dobrudzha, all
of the above events were registered in certain peri-
ods of growing (Tsenov et al., 2012; Stoyanov, 2016;
Stoyanov, 2018). Baychev (2013) clearly differentiat-
ed the response of the Bulgarian triticale cultivars he
was investigating under contrasting environments.
Similar conclusions on more recent triticale culti-
vars were made also by Stoyanov & Baychev (2018).
Derejko et al. (2020) pointed out that while inves-
tigating contemporary triticale cultivars under the
conditions of 58 locations in Poland during five suc-
cessive economic periods, the growing conditions
(environment and location) were with the highest
importance for the formation of yield. The authors
also observed that the period of growing was more
important against high agronomy background, while
the location was more significant against a low one.
Such investigations allowed discriminating those
genotypes which managed to a high degree to real-
ize high yields or decreased less their yields under
variable growing conditions. This is important from
an economic point of view since in the last decade
increasingly more dramatic changes in the weather
are being observed, which are also becoming more
frequent in comparison to the typical local weather.
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The aim of this study was to analyze the behav-
ior of Bulgarian triticale cultivars under the influ-
ence of unfavorable growing conditions in compari-
son to periods with environmental conditions typi-
cal for the region of South Dobrudzha.

MATERIAL AND METHODS

To realize the above aim, eleven triticale culti-
vars developed at Dobrudzha Agricultural Insti-
tute — General Toshevo were used: Kolorit, Atila,
Akord, Respekt, Bumerang, Irnik, Dobrudzhanets,
Lovchanets, Doni 52, Blagovest and Borislav. The
investigated genotypes were grown as a whole-
area crop in experimental plots of 10 m?, in four
replications in a standard block design within the
framework of a competitive varietal trial. Planting
was mechanized, within the standard dates for triti-
cale (10™ — 15" October), at density 550 gs/m?. A
wooden frame sized 0.25 m? was used to determine
the number of tillers per m? in each experimental
plot. Plant height (cm), absolute (t/ha) and relative
yield (RY, %), test weight (kg/100 1), 1000 kernel
weight (g) were also determined. The days to head-
ing (number of days from 01.01), number of grains
in spike and weight of grains in spike were estab-
lished per cultivars. The data were compared to the
adopted standards — AD-7291, Vihren, Rakita and
the world standard for triticale Lasko and Presto.

Based on the results for productivity and the
specificity of the meteorological parameters, two
periods were identified, which were characterized
as rather different with regard to the growth and de-
velopment of the plants — 2014/2015 and 2017/2018.
The differences in each yield parameter during the
two periods were analyzed and the effect of the un-
favorable conditions was assessed.

The absolute and relative difference between
the two contrasting periods was determined for the
investigated cultivars and parameters according to
formulae 1 and 2.

AD =X, X, (1)
X,

RD=—" #)
Xy

where:

AD — absolute difference
RD —relative difference



Xy~ value of the j" parameter during the period
with favorable conditions for the development of
triticale

x,— value of the na j™ parameter during the peri-
od with unfavorable conditions for the development
of triticale

Based on the relative difference between the two
periods, an index, which summarizes the effects
from all investigated parameters was calculated us-
ing the formula

n Xy
ADI =] [=* ?3)
= s

where:

ADI — Additive Difference Index

J — the specific studied parameter

n —number of studied parameters

Microsoft Excel 2003 was used for summarizing
the data and for all analyses carried out.

RESULTS AND DISCUSSION

Meteorologically, the studied periods were very
distinct with regard to both the average monthly
temperature and the monthly precipitation (Table 1).
The observed differences both between the separate
years and according to the long-term period implied
different development of the plants and differing
values of yield and its components. Nevertheless,
the meteorological data did not give a sufficiently
clear idea about the peculiarities, which influenced
the growth and development of the studied culti-
vars. Table 2 presents specific expressions over the
separate stages of the crop growth, which can be di-
rectly related to the effects on certain physiological
processes or yield components.

Economic year 2017/2018 was characterized
with the accumulation of a large number of nega-
tive events related to the growth and development of
triticale. Considerable differences were observed in
the expression of the main meteorological elements
in comparison to economic year 2014/2015, and
especially in comparison to the long-term tenden-
cy. Such occurrences, however, are of local nature
and are highly unpredictable. Such single events as
considerably high temperatures at the beginning
of May, intensive rainfalls in June and extremely
unusual intermittent rainfalls in July had a strong
unfavorable effect since they were not typical for
this region and the investigated genotypes were not
bred specifically to these conditions.

The above peculiarities concerning the condi-
tions of the environment were not uniform accord-
ing to the expressions of the individual investi-
gated genotypes. This was related to the fact that
the greater part of the observed parameters were
influenced both by the environmental conditions
and the genotype, and by the interaction of the two
factors, as reported by a large number of research-
ers (Fox et al., 1990; Alaru et al., 2004; Santiveri et
al., 2004; Schwarte et al., 2005; Gibson et al., 2008;
Szemplinski & Dubis, 2012; Baychev, 2013; Racz
et al., 2013; Tuulos et al., 2015; Kirchev & Geor-
gieva, 2017). Nevertheless, the effect of the two fac-
tors and their interaction on the yield and its indi-
vidual parameters was not identical, but was related
to the specificity of the genetic system controlling
it (Farshadfar & Sutka, 2003). The more complex
a given parameter is, the greater the possibility to
observe varied reactions under the same conditions
of the environment. Therefore, in order to clarify to
what extent the unfavorable conditions influenced
the studied genotypes, it was necessary to consider
independently yield and its components.

Table 1. Meteorological parameters for the period of study

Parameter Year Sep Oct Noe Dec Jan Feb Mar Apr May Jun Jul
2014/2015 175 11.2 5.6 31 1.4 2.0 5.0 10.1 16.4 19.4 22.4
AMT, °C 2017/2018  19.0 11.8 7.5 4.7 1.7 1.1 4.6 13.4 17.7 204 222
1960/2018  16.9 11.6 6.7 1.9 -0.3 1.1 4.6 9.9 15.2 22.0 21.4
2014/2015 314 57.9 33.2 87.0 33.2 79.5 67.7 8.5 12.9 31.3 272
TMP, mm  2015/2016 20.8 78.3 55.1 0.4 86.3 40.7 52.7 20.8 117.1 55.7 2.8

1960/2018 46.4 423 43.5 42.0

37.2 34.5 359 40.3 524 59.1 52.1

AMT — Average monthly temperatures; TMP — Total monthly precipitations
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Table 2. Peculiarities in contrasting growing periods

2014/2015 2017/2018
Months o Effect on the growth P Effect on the growth
Specificity of the and development of the Specificity of the and development of the
growing period growing period
plants plants
October Good available moisture gl?loc(iii;)tli ;.[lljrlrllglogeélfstl;l}é Low available moisture Long and uneven
reserves . in soil emergence of plants
plants in the crop
November A warmer winter period
December in comparison to the Optimal tillering typical A considerably warmer A longer period of
long-term tendency but ; . S
January with occurrence of low for the crop winter period tillering of the plants
February temperatures in January
Good available moisture Normal erowth after the Good available moisture
March reserves in soil and low & iod reserves in soil and Accelerated growth
temperatures Winter perio moderate temperatures
Abri Moderate temperatures ~ Retarded growth, no High temperatures and Acceleration of the
pril . . .
and drought heading no moisture generative processes
Normal occurrence Verv hich air
May Moderate temperatures  of the pollination and ¢ y g Lower pollen viability
o emperatures
fertilization processes
June A comparatively dry  Good nutrition of grain, Uneven rainfalls Occurrence of lodging
period no lodging
Jul Rainfalls in the second ~ Harvesting within the Lone-lasting rainfalls Longer period of
y half of the month optimal dates g & harvesting
Table 3. Values of the investigated parameters for economic year 2014/2015
Yield
Cultivar pu  PH o Npr = M1000, - TW. =~ WGS,  \Gs
cm kg/da  RY, % g kg/1001 g
Mean standard
(B+P+K)/3 130 120 637 675 100,0 43,3 72,7 1,06 25
AD 7291 130 108 598 589 87,3 41,9 73,0 0,98 24
Vihren 131 113 598 609 90,2 45,1 73,5 1,02 23
Rakita 131 126 644 725 107,4 42,6 72,5 1,12 26
Lasko 131 131 802 765 1133 42,6 75,5 0,95 22
Presto 131 134 771 777 115,1 42,2 76,0 1,01 24
Kolorit 129 122 668 691 102,4 42,1 72,0 1,04 25
Atila 131 132 651 763 113,0 46,9 74,5 1,17 25
Akord 132 129 672 767 113,6 45,4 75,0 1,14 25
Respekt 132 124 677 704 104,3 43,7 75,0 1,05 24
Bumerang 131 129 722 779 1154 48,0 75,0 1,08 23
Irnik 131 128 635 793 117,5 40,1 72,5 1,25 31
Dobrudzhanets 130 115 641 643 95,3 41,8 74,0 1,00 24
Lovchanets 132 119 718 649 96,1 40,0 72,5 0,90 23
Doni 52 132 126 794 803 119,0 41,4 74,5 1,01 24
Blagovest 132 125 741 747 110,7 41,2 74,0 1,01 24
Borislav 131 115 688 839 1243 51,9 73,0 1,22 24
Average 131 124 689 728 107,8 43,6 73,9 1,06 24
LSD 0,05 0,4 3,7 31,3 35,9 5,32 1,56 0,60 0,05 1,0
LSD 0,01 0,5 4,9 41,2 47,2 6,99 2,06 0,79 0,06 1,4
LSD 0,001 0,7 6,2 52,6 60,3 8,93 2,63 1,01 0,08 1,7

DH — days to heading, PH — plant height, NPT — number of productive tillers, RY — relative yield, M1000 — thousand kernels

weight, TW — test weight, WGS — weight of grains in spike, NGS — number of grains in spike.
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Table 4. Values of the investigated parameters for economic year 2017/2018

Yield

Cultivar DH PH, NPT M1000,  TW, — WGS,  y5g
cm kg/da  RY,% g kg/1001 g

%’f‘ﬁé’}g"”oapm 120 128 668 708 1000 416 66,5 1,07 26
AD-7291 119 117 694 637 90,0 408 65,8 0,92 22
Vihren 120 126 675 745 1053 423 68,0 1,10 26
Rakita 121 131 754 717 1013 397 65.4 0,95 24
Lasko 121 126 803 631 89,2 39,5 67.8 0,79 20
Presto 121 123 829 624 88,2 44,0 68,8 0,75 17
Kolorit 120 126 576 661 93,4 42,9 66,0 1,15 27
Atila 125 116 701 609 86,1 45,6 68,6 0,87 19
Akord 124 120 642 584 82,5 435 68,4 0,91 21
Respekt 126 106 776 563 796 418 68,8 0,73 17
Bumerang 124 120 659 745 1053 457 70,0 1,13 25
Trnik 122 119 760 634 89,6 39,6 66,6 0,83 21
Dobrudzhanets 121 107 736 664 93.8 4.7 69.2 0,90 21
Lovchents 121 12 772 624 88.2 40.4 68.8 0.81 20
Doni 52 122 122 771 700 98,9 422 68.6 0.91 2
Blagovest 122 13 790 636 89.9 403 67.2 0.81 20
Borislav 121 12 704 602 85,1 48,6 66,4 0,85 18
Average 122 119 728 649 91,6 425 67,8 0,90 21
LSD 0,05 0,9 35 330 264 3,73 126 067 006 15
LSD 0,01 12 46 434 347 490 1,65 0,88 0,08 19
LSD 0,001 16 5,9 55,4 44,3 626 211 113 0,11 25

DH — days to heading, PH — plant height, NPT — number of productive tillers, RY — relative yield, M1000 — thousand kernels
weight, TW — test weight, WGS — weight of grains in spike, NGS — number of grains in spike.

1. Days to heading

During the period favorable for the growth and
development of triticale (2014/2015), cultivars Kolorit
(129 days) and Dobridzhanets (130 days) were the ear-
liest to start heading; they were at the level of the early
standard AD-7291 (Table 3). The standards Vihren and
Rakita were equal by their time to heading (131 days).
At the level of the standard Rakita were cultivars Atila,
Bumerang, Irnik and Borislav. Significantly later days
to heading had cultivars Akord, Respekt, Lovchanets,
Doni 52 and Blagovest.

In economic year 2017/2018, the cultivars started
heading considerably earlier (with an average of up
to 9 days). The earliest to begin heading were the
standards AD-7291 (119 days), Vihren (120 days)
and Kolorit (120 days). Rakita significantly exceeded
the rest of the standards (121 days) by days to head-
ing. Considerably later were Atila, Akord, Respekt
and Bumerang. At the level of Rakita were Lasko,
Presto, Dobrudzhanets, Lovchanets and Borislav.

The greatest absolute difference in the parameter
was observed in the cultivars, which began heading
earlier, during the unfavorable period — AD-7291,
Vihren, Rakita, Lasko, Presto, Lovchanets, Doni 52,
Blagovest and Borislav. This was related to the fact
that during economic year 2017/2018 the cultivars
started heading within a considerably wide range
(7 days), while in 2014/2015 the heading occurred
within 3 days. Such data showed that the individual
genotypes responded differently to the stress condi-
tions of the environment. The higher temperatures
during April — May of 2018 were the reason the ear-
lier genotypes to develop considerably faster. On the
other hand, the later cultivars, with the aim to avoid
the higher temperatures, which would impede the
proper pollination and fertilization, retarded their
development by heading later, and therefore were
closer to the values typical for the favorable period.

The results for the two periods of growing, regard-
less of their contrasting nature, showed that the greater
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part of the cultivars followed a tendency to approxi-
mate the mean value of the parameter. Similar conclu-
sions also made Stoyanov (2018), Stoyanov & Baychev
(2018) and Baychev (2013) on the same cultivars, com-
paring other unfavorable periods of growing.

2. Plant height

In 2014/2015, the standards AD-7291 and Vihren
were with the lowest height. This was a peculiarity
of the two cultivars since they have a wheat type of
development characterized with shorter plants (Ts-
vetkov, 1989). Considerably higher was the standard
cultivar Rakita (rye type of development), which sig-
nificantly exceeded the mean standard by height. The
world standards Lasko and Presto were significantly
higher than Rakita. Cultivars Atila, Akord, Bumerang
and Irnik were also very high, Atila being the highest
(132 cm). Cultivars Dobrudzhanets and Borislav were
at the level of Vihren. Cultivars Respekt, Doni 52 and
Blagovest were at the level of the standard Rakita.
Kolorit and Lovchanets were characterized with lower
height, at the level of the mean standard (120 cm).

Quite different data were observed with regard
to economic year 2017/2018. Cultivars Vihren (126
cm), Rakita (131 cm), Lasko (126 cm) and Kolorit
(126 cm) were with the highest plants. Such data are
not typical for these cultivars, even under very con-
trasting conditions of the environment (Baychev,
2013; Stoyanov, 2018), with the exception of Lasko.
At the same time, typically high cultivars such as
Atila (116 cm), Bumerang (120 cm), Blagovest (113
cm) and Presto (123 cm) demonstrated considerably
lower values of this parameter. In these cultivars,
the greatest absolute difference between the values
of the two compared periods was observed. This
was an indication that the untypical conditions of
the environment (considerably higher temperatures
during the vegetative growth in April and May of
2018) had a very strong effect on the vegetative de-
velopment of these cultivars. The results, obtained
by Bezabih et al. (2019) on seven triticale cultivars
under the conditions of Ethiopia showed that plant
height may vary significantly under different condi-
tions of the environment. Air temperature and the
availability of good moisture reserves in soil were
crucial for this parameter.

3. Number of tillers

During the favorable 2014/2015, the standards
AD-7291 and Vihren had the same values for num-
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ber of tillers and were with significantly lower til-
lering than the standard Rakita. The world standard
Lasko was with the highest tillering (802 tillers per
m?), followed by Doni 52 and Presto. Cultivars Kol-
orit, Atila, Akord, Irnik, Dobrudzhanets were at
the level of the standard Rakita. Significantly high-
er tillering was registered in Respekt, Bumerang,
Lovchanets, Blagovest and Borislav.

In economic year 2017/2018, the highest number
of tillers was registered in cultivar Presto (829 til-
lers per m?), and the lowest — in cultivar Kolorit (576
tillers per m?). Rakita was with higher values than
the standard, and Vihren and AD-7291 - with lower.
Only three cultivars exceeded significantly Rakita
— Lasko, Presto and Blagovest. Respekt, Irnik, Do-
brudzhanets, Lovchanets and Doni 52 had signifi-
cantly stronger tillering than the standard Vihren.

Concerning the absolute difference between the
two compared periods, various reactions were ob-
served depending on the genotype. In some culti-
vars (Rakita, Irnik, Respekt and Dobrudzhanets),
significantly higher values were determined in eco-
nomic year 2017/2018 in comparison to 2014/2015.
This indicated that in spite of the unfavorable condi-
tions for formation of a good seed set in 2017/2018,
the conditions for the occurrence of the tillering
process were considerably better. The winter and
post-winter periods were characterized with very
high temperatures, which in fact facilitated the for-
mation of considerably more tillers. In such cul-
tivars as Kolorit, Akord, Bumerang and Doni 52,
however, the absolute difference was negative, i.e.
a lower number of tillers were formed during eco-
nomic year 2017/2018. The reason for this was their
comparatively long emergence in the autumn (in
contrast to the rest of the cultivars) and the non-
uniform formation of productive tillers during the
plant development. The respective late-emerging
plants formed less tillers. Data on the strong effect
of the environment on the number and formation of
productive tillers has been reported by Alaru et al.
(2004) and Kirchev & Georgieva (2017). There is
no general tendency in most of the cultivars and this
was due to the significant effect of the factor geno-
type x environment, as reported by Villegas et al.
(2010), Giunta et al. (1992) and Racz et al. (2013).

4. Number of grains in spike
In economic year 2014/2015, cultivar Rakita was
with better seed set (26 grains per spike), which sig-



nificantly exceeded Vihren (23 grains in spike) and
AD-7291 (23 grains in spike). All investigated culti-
vars, with the exception of Irnik (31 grains in spike),
were significantly below the values of Rakita. Culti-
vars Presto, Kolorit, Atila, Akord, Respekt, Dobrud-
zhanets, Lovchanets, Doni 52 and Blagovest were
significantly above the seed set formed in Vihren
and AD-7291. Cultivars Bumerang and Borislav
were at the level of the two standards Vihren and
AD-7291. The world standard Lasko (22 grains in
spike) formed the lowest number of grains and was
significantly below all standards.

In economic year 2017/2018, the grains observed
in the investigated cultivars were with 3 less, on the
average. The highest values were realized by culti-
vars Kolorit (27 grains in spike) and Bumerang (25
grains in spike). Respective significantly lower seed
set was determined in Presto (17 grains in spike),
Atila (19 grains in spike), Respekt (17 grains in
spike) and Borislav (18 grains in spike). Above the
standard Vihren with a better seed set (26 grains
in spike), significantly higher values were not ob-
served.

Very high absolute differences between the two
observed periods were determined in cultivars Pres-
to, Atila, Akord, Respekt, Irnik and Borislav. The
rest of the cultivars were close to the mean value be-
tween the two periods. The reason for the observed
differences in the seed set could be found in the
higher temperatures during the anthesis of the stud-
ied cultivars. The considerably warmer weather was
the reason for the lower viability of the pollen lead-
ing to lower seed set. In cultivars Kolorit and Bu-
merang, a positive difference was observed show-
ing higher seed set during the unfavorable period.
This difference was related to the lower number of
productive tillers as a result from the non-uniform
development of the plants. In crops characterized
with lower tillering, the seed set was higher (Stoy-
anov, 2018; Stoyanov, 2020). This, however, was
strictly dependent both on the genotype and on the
environmental conditions (Giunta & Motzo, 2004;
Stoyanov, 2020).

This parameter was characterized with excep-
tional susceptibility in such a crop as triticale (Ka-
vanagh & Hall, 2015). Therefore, even the smallest
changes in the conditions of the environment may
influence its values. A number of authors (Santiveri
et al., 2004; Gibson et al., 2008; Dogan et al., 2009;
Villegas et al., 2010; Cifci et al., 2010; Racz et al.,

2013; Madic et al., 2018) pointed out that the condi-
tions of the environment had serious effect on the
seed set of this crop. Kinaci & Gulmezoglu (2007),
comparing two rather contrasting periods, observed
almost twice as low number of grains in spike as a
result from the low available moisture in soil and
the high temperatures during the period after head-
ing. Ugarte et al. (2007) emphasized the importance
of the thermal stress in the period from heading to
anthesis for the number of obtained grains.

5. 1000 kernel weight

During economic year 2014/2015, the standard
Vihren was with higher values of 1000 kernel weight
(45.1 g), which significantly exceeded Rakita (42.6
g) and AD-7291 (41.9 g). Cultivars Lasko, Presto,
Kolorit, Respekt, Dobrudzhanets, Doni 52 and Bla-
govest were at the level of the standard Rakita. Cul-
tivar Akord was at the level of the standard Vihren.
Cultivars Atila, Bumerang and Borislav were with
the highest values, significantly exceeding all three
standards. At the same time, cultivar Borislav dif-
fered from the rest of the varieties with its very high
values of 1000 kernel weight.

The same tendency of Atila, Bumerang and
Borislav exceeding significantly all three standards
was established in 2017/2018. In fact, the tendency
between the cultivars remained the same, but the
mean value was with 1.1 g lower.

Concerning the absolute differences between
the two economic years, highest was the difference
in 1000 kernel weight of cultivar Borislav. Such re-
sponse is typical for the cultivar since the param-
eter is a main component of its yield (Baychev et
al., 2016; Stoyanov & Baychev, 2016). Greater dif-
ferences were observed in the older standard va-
rieties Vihren and Rakita and the world standard
Lasko. The main reason for the decrease of 1000
kernel weight in the investigated genotypes were
the untypical and long-lasting rainfalls during July
of 2018. In this month, there were rainfalls in 13 out
of 31 days. This caused elongation of the harvesting
time with more than 20 days. The respective late
harvest lead to unfavorable values of the grain pa-
rameters (Clarke, 1981; Czarnecki & Evans, 1986;
Farrer et al., 2006). The literature on triticale does
not give information about researches generaliz-
ing results about the effect of the late harvesting on
1000 kernel weight, and about the effect of the envi-
ronmental conditions during the period from ready-
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for-harvest to actual harvesting. Such researches on
contemporary wheat cultivars are also rare. Pool
et al. (1958) and Johnson (1959) reported such ef-
fects. Czarnetski & Evans (1986) pointed out that
the effects on 1000 kernel weight at late harvesting
of wheat could vary from insignificant to consider-
able and were largely dependent on the genotype
and the environment, but without observing effects
from the interaction of the two factors. These au-
thors mentioned a decrease of the parameter with
1.4 %, which corresponded to our results (2.5 %).
Very important for this parameter were also
the temperature and rainfalls during the formation
of grain (May-June in this case). Kucerova (2007),
bekic¢ et al. (2013), Villegas et al. (2010), Motzo et al.
(2015), Stoyanov (2018) reported such effects on trit-
icale under variable conditions of the environment.
Effect of the thermal stress on the values of the pa-
rameter was observed by Ugarte et al. (2007). These
authors emphasized that the high temperatures in the
period from heading to anthesis caused serious de-
crease in 1000 kernel weight. Kinaci and Gulmezo-
glu (2007) registered serious decrease of 1000 ker-
nel weight in triticale due to the low precipitation in
the period after heading. Such data demonstrate that
the accumulation of the effects from different events
may cause strong decrease of 1000 kernel weight.

6. Weight of grains in spike

In economic year 2014/2015, Rakita was with the
highest values of weight of grain in spike (1.12 g)
among the standard varieties, significantly exceed-
ing AD-7291 and Vihren. At the level of Rakita were
cultivars Akord and Bumerang. Atila, Irnik and
Borislav significantly exceeded Rakita by this pa-
rameter. Cultivars Presto, Kolorit, Respekt, Dobrud-
zhanets, Doni 52 and Blagovest were at the level of
Vihren, with significantly lower values than Rakita.
Lasko and Lovchanets were with significantly lower
values than Vihren. Cultivars Irnik (1.25 g), Boris-
lav (1.22 g) and Atila (1.17 g) were with the highest
values of weight of grains in spike. The world stan-
dard Lasko (0.95 g) and cultivar Lovchanets (0.90 g)
were characterized with very low values.

In 2017/2018, lower values of the parameter were
observed in a greater part of the investigated culti-
vars. Highest spike productivity was registered in
cultivars Vihren (1.10 g), Kolorit (1.15 g) and Bu-
merang (1.13 g). Results significantly above those of
the better standard Vihren were not observed. Very
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low results for the parameter were determined in the
world standard Lasko (0.79 g), Presto (0.75 g) and
cultivar Respekt (0.73 g), which were significantly
below the values of the standard AD-7291 (0.92 g).
The highest absolute differences in the param-
eter between the two periods were read in cultivars
Presto, Akord, Respekt, Irnik and Borislav. These
values followed the tendency of the number of grains
in spike. This was related to the fact that in the in-
vestigated genotypes, a major element in the spike
productivity were the grains formed in the spike.
The weight of grains in the spike is a complex pa-
rameter, which follows the change of both the num-
ber of grains in spike and 1000 kernel weight. Since
both parameters were affected by different factors
of the environment, their influence on the weight of
grains in spike were related to both the effect of the
high temperatures during heading and anthesis and
to the rainfalls in July of 2018. A cumulative effect
on the weight of spike has been reported also by Ki-
naci and Gulmezoglu (2007), who observed up to 3
times lower values during the unfavorable period.

7. Yield

During 2014/2015, the standard with the better
behavior was cultivar Rakita (725 kg/dca). Vihren
(609 kg/dca) and AD-7291 (589 kg/dca) differed sig-
nificantly from both Rakita and the mean standard.
The world standard Lasko and cultivar Presto also
realized high yields, significantly above the mean
standard, 765 and 777 kg/dca, respectively, and
the exceeding was with 14.6 and 16.4 %. Cultivars
Atila, Akord, Respekt, Bumerang, Irnik, Doni 52,
Blagovest and Borislav significantly exceeded the
mean standard. Cultivars Irnik (18.8 %), Doni 52
(20.3 %) and Borislav (25.8 %) were with the high-
est exceeding of the mean standard; their yields
were 793, 803, 839 kg/dca, respectively. Kolorit,
Dobrudzhanets and Lovchanets were at the level of
the mean standard.

During 2017/2018, which was unfavorable for
the development of triticale, only Bumerang (745
kg/dca) and the standard Vihren (745 kg/dca) ex-
ceeded the mean standard with 5.3 %. At the level
of the mean standard were Rakita (717 kg/dca) and
Doni 52 (700 kg/dca), while all other cultivars dem-
onstrated significantly lower yields than the mean
standard. Lowest results were obtained from culti-
vars Akord (584 kg/dca), Respekt (563 kg/dca) and
Borislav (602 kg/dca).



The complex accumulation of negative effects
from the changes in the environmental conditions
according to the conditions typical for the region
lead to an average difference in yield from the stud-
ied cultivars of 79 kg/dca. The highest absolute dif-
ference was observed in cultivars Kolorit, Akord,
Irnik, and especially in cultivar Borislav. In culti-
var Borislav, the difference between the values in
the favorable period 2014/2015 and the unfavorable
2017/2018 was more than 200 kg/dca. Although the
number of productive tillers was higher, the grains
formed were less, and the most affected component
was 1000 kernel weight. This indicated that cultivars
such as Borislav, which possesses an exceptionally
high production potential, were less stable under
sharp changes of the weather. Similar were the re-
sults of cultivars Presto, Akord, Atila and Irnik.

The results for the yield of the investigated cul-
tivars confirmed the strongly contrasting nature of
the two compared periods. During economic year
2014/2015, out of the investigated 16 genotypes, 10
exceeded significantly the mean standard (Rakita,
Lasko, Presto, Atila, Akord, Bumerang, Irnik, Doni
52, Blagovest and Borislav). Significant differenc-
es below the mean standard were observed only
in two cultivars AD-7291 and Vihren. In harvest
year 2017/2018, in 12 (AD-7291, Lasco, Presto, Kol-
orit, Atila, Akord, Respekt, Irnik, Dobrudzhanets,
Lovchanets, Blagovest and Borislav) out of the 16
investigated genotypes yields were observed, which
were significantly below the mean standard. Only
two cultivars, Vihren and Bumerang, exceeded sig-
nificantly the mean standard.

A large number of the researches on this crop
(Dhindsa et al., 2002; Cifci et al., 2010; Kirchev et
al., 2014; Kirchev et al., 2016) proved that the effect
of the environment on the yield formation was often
above 50%. Kinaci & Gulmezoglu (2007) observed
from 1.5 to 3 times lower yields under low precipi-
tation during one of the two investigated periods.
Ugarte et al. (2007) registered various effects on the
yield as a result from thermal stress during different
stages, its impact being especially negative in the
period from booting to flag leaf. The same authors
reported also significant effects of the high temper-
atures in the period from heading to anthesis, too.
Farrer et al. (2006) observed decrease of yield in
common winter wheat with up to 90 kg/dca at elon-
gation of the period to harvesting. These researches
are indicative for a significant effect of the meteo-

rological factors and their peculiarities on the yield
values during the specific period of growing.

8. Test weight

In economic year 2014/2015, the standard Vihren
realized a significantly higher test weight than the
standard Rakita. Simultaneously, AD-7291 was in
an intermediate position between Vihren and Raki-
ta. Cultivars Lasko, Presto, Atila, Akord, Respekt,
Bumerang, Dobrudzhanets, Doni 52 and Blagove-
st realized significantly high test weight accord-
ing to the standard Rakita. At the level of Rakita
were Kolorit, Irnik, Lovchanets and Borislav. The
test weight of cultivar Presto was with the highest
values during this period (76 kg/100 1), followed by
Lasko (75.5 kg/100 1) and Akord (75 kg/100 1), Res-
pekt (75 kg/100 1), Bumerang (75 kg/100 1). Cultivar
Kolorit was with the lowest value of test weight (72
kg/100 1).

During the unfavorable period 2017/2018, the
standard Vihren (68 kg/100 1) was also with a signif-
icantly higher test weight in comparison to the stan-
dard Rakita (65.4 kg/100 1). Only cultivars Bumer-
ang (70 kg/100 1) and Dobrudzhanets (69.2 kg/100
1) exceeded significantly the standard Vihren. Very
low values were determined in cultivars Kolorit (66
kg/100 1), Irnik (66.6 kg/100 1) and Borislav (66.4
kg/100 1).

Test weight was significantly affected by the
conditions of 2017/2018. The highest difference ac-
cording to the period favorable for growing of triti-
cale 2014/2015 was observed in the older cultivars
AD-7291, Rakita, Lasko and Presto — over 7 kg/100
. The test weight was respectively affected to the
highest degree in the cultivars with highest values
Bumerang and Dobrudzhanets, as well as cultivar
in Lovchanets, which was characterized with lower
test weight in principle. The effect on this parameter
was very strong since the elongation of the period
for harvesting strongly deteriorated the physical
properties of grain.

Baychev (2013) clearly emphasized that the un-
favorable period for the development of the crop
decreased the values of test weight. Similar results
have been reported also by Barnett et al. (2006),
Kucerova (2007) and Cifci et al. (2010). Farrer et al.
(2006) observed the decrease of test weight with up
to 11.5 kg/100 1 in common winter wheat, relating
these values to the availability of rainfalls in the pe-
riod from ready-to-harvest to the actual harvesting
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of grain. Czernacki & Evans (1986) observed the
decrease of test weight to 5 kg/100 1, pointing out to
differences between the studied genotypes.

9. Relative differences and Additive difference
index

The results obtained as relative differences be-
tween the two observed contrasting periods allowed
comparing the effects of the unfavorable conditions
on each of the investigated parameters. Based on
the mean relative differences, the parameter 1000
kernel weight was the least affected by the unfavor-
able conditions of the environment. Comparatively
low was the impact on the parameters plant height
and date to heading, too. Most affected were yield,
weight of grains in spike and number of grains in
spike. Test weight was also influenced because its
values were untypically low, although the mean rel-
ative difference was not too high. Specific was the
response of the parameter number of productive til-
lers. Its mean relative difference was below 1.00 in-
dicating that the parameter reacted favorably to the
conditions of the environment. The higher number

of productive tillers, however, is often related to un-
favorable values of yield (Stoyanov, 2018).

Concerning the individual genotypes, cultivar
Borislav was with the highest cumulative effect of
accumulated relative differences (4.87). Cultivars
Presto (3.58), Atila (3.60), Akord (3.73), Respekt
(4.06) and Irnik (3.89) were also with high values
of ADI. The lowest values of this parameter were of
cultivars Kolorit (1.22), Bumerang (1.38), Dobrud-
zhanets (1.31) and Lovchanets (1.59). In Bumerang
and Dobrudzhanets, the lower values were related
to lower differences between the parameters in the
two periods. In Lovchanets, the number of produc-
tive tillers turned out to be determining for produc-
tivity. The small difference in it was related to a
lower possibility for variation of the rest of the yield
components. The low difference in Kolorit was re-
lated to higher seed set during the unfavorable pe-
riod.

The obtained results showed that the cultivars,
which required optimal conditions to realize their
production potential (according to Stoyanov, 2018)
such as Akord, Respekt and Irnik, reacted in an ex-

Table 5. Absolute differences between the values of the investigated parameters for the favorable and

unfavorable period

Yield

Copr DH PH, NPT M1000, W, WGS, NGS
cm kg/da  RY, % g kg/1001 g

AD 7291 -11 9 96 48 2,8 -1,1 -7,2 -0,06 -1,5
Vihren -11 13 77 136 15,1 -2,8 -5,5 0,08 33
Rakita -10 5 110 -8 -6,1 -2,9 -7,1 -0,17 2,4
Lasko -10 -5 1 -134 -24.2 -3,1 -1,7 -0,16 2,4
Presto -10 -11 58 -153 -26,9 1,8 -7,2 -0,26 -6,9
Kolorit -9 4 -92 -30 -9,0 0,8 -6 0,11 2,4
Atila -6 -16 50 -154 -27,0 -1,3 -5,9 -0,3 -6
Akord -8 -9 -30 -183 -31,1 -1,9 -6,6 -0,23 -42
Respekt -6 -18 99 -141 -24.7 -1,9 -6,2 -0,32 -7
Bumerang -7 -9 -63 -34 -10,1 -2,3 -5 0,05 2,5
Irnik -9 -9 125 -159 -27,9 -0,5 -5,9 -0,42 -10,1
Dobrudzhanets -9 -8 95 21 -1,4 0,9 -4.8 -0,1 -2,9
Lovchanets -11 -7 54 -25 -8,0 0,4 -3,7 -0,09 -2,5
Doni 52 -10 -4 -23 -103 -20,0 0,8 -5,9 -0,1 -2,4
Blagovest -10 -12 49 -111 -20,8 -0,9 -6,8 -0,2 -4,4
Borislav -10 -3 16 -237 -39,2 -3,3 -6,6 -0,37 -5,5
Mean -9 -5 39 -79 -16,2 -1,1 -6,1 -0,16 -3

DH — days to heading, PH — plant height, NPT — number of productive tillers, RY — relative yield, M1000 — thousand kernels
weight, TW — test weight, WGS — weight of grains in spike, NGS — number of grains in spike.
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Table 6. Relative differences between the values of the investigated parameters during the favorable and

unfavorable period

Cultivar pH  PH Npr Yield MI000, — TW, — WGS, G5 ApI
cm kg/da  RY, % g kg/1001 g
AD 7291 109 092 08 092 097 103 LIl 107 107 Lol
Vihren 109 090 089 08 08 107 108 093 087 057
Rakita 108 096 085 10l 106 107 LIl L8 L0 147
Lasko 108 104 100 121 127 108 LIl 120  LI2 280
Presto 108 109 093 125 131 096 110 135 141 3.8
Kolorit 108 097 L6 105  L10 098 109 090 091 122
Atila 105 L4 093 125 131 103 109 134 132 3.60
Akord 106 108 105 131 138 104 L0 125 120 373
Respekt 105 117 087 125 131 105 109 144 141 406
Bumerang 106 108 110 105 110 105 107 096 090 138
Irnik 107 108 084 125 131 10l 109 151 148 3.9
Dobrudzhanets 107 107 087 097 102 098 107 LIl L4 13l
Lovchanets 109 106 093 104 109 099 105 LIl 113 159
Doni 52 108 103 103  LI5 120 098 109 LIl L1l 208
Blegovest 108 LIl 094 117 123 102 L0 125 122 278
Borislav 108 103 098 139 146 107 110 144 131 487
Mean 108 104 095  LI2  LI8 103 109  LI§8 115  2.50

DH — days to heading, PH — plant height, NPT — number of productive tillers, RY — relative yield, M1000 — thousand kernels
weight, TW — test weight, WGS — weight of grains in spike, NGS — number of grains in spike, ADI — Additive Difference Index.

tremely unfavorable way to the sharp changes in
the conditions of the environment. Simultaneously,
genotypes such as Bumerang and Dobrudzhanets,
which were characterized with greater plasticity
(according to Stoyanov, 2018) also reacted strongly
but maintained their productivity above the average
level. On the other hand, the stable cultivars such
as Doni 52 and Blagovest, although their separate
yield components responded weakly, realized more
significant changes in the value of the yield due to
the accumulation of the individual effects.

The effects of the highly unfavorable period for
growing of triticale such as 2017/2018 showed that
the cultivars with greater plasticity were with high-
er tolerance to effects of limiting and local charac-
ter. At the same time, the high-yielding and stable
genotypes did not manage to respond adequately to
the sharp changes in the conditions of the environ-
ment. From a breeding point of view, it is necessary
to look for certain cultivars that could respond to
the changeable climatic conditions. This make cul-
tivar Bumerang an exceptional genotype that can be
grown under differing and variable soil and climatic

conditions in Bulgaria, which is meanwhile also a
valuable initial breeding material for improvement
work on winter hexaploid triticale.

CONCLUSIONS

Based on the presented results, the following
conclusions can be drawn:

1. Heading during the unfavorable period of triti-
cale occurred with 9 days earlier on the average, ob-
serving smaller differences between the two com-
pared periods in cultivars with earlier date to head-
ing such as Atila, Akord, Respekt and Bumerang.

2. In economic year 2017/2018, plant height did
not follow the typical tendency of the investigated
genotypes; cultivars Atila, Bumerang and Blagove-
st were shorter than the typically shorter cultivars
Vihren and Kolorit.

3. The considerably warmer winter period was
the reason for the higher number of productive til-
lers in the greater part of the cultivars, with the ex-
ception of only Kolorit, Akord, Bumerang and Doni
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52, in which the lower values were due to uneven
emergence as a result from the autumn drought.

4. The higher air temperature during the period
after heading influenced the number of grains in
spike, which caused decrease of yield.

5. Late harvesting had a considerable impact on
1000 kernel weight, weight of grains in spike, yield
and test weight due to the intermittent rainfalls in
July of 2018.

6. Cultivar Bumerang was characterized with
the highest yields and the highest plasticity, which
makes it exceptionally valuable for mass growing in
practice under the different soil and climatic condi-
tions of Bulgaria.
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