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Abstract

In order to study how the heading changes in exposure under the influence of natural drought processes and
whether such a change affects crop productivity, 17 cultivars of winter hexaploid triticale were studied during 7
contrast growing periods. The results show that the latest heading is observed in the 2016/2017 growing period,
and the earliest in the 2015/2016. During the period with the most pronounced soil and atmospheric drought -
2019/2020, the heading was earlier than the other periods. There is a tendency for the varieties AD-7291 and
Vihren the heading to be earlier than the others, regardless of the environmental conditions. A tendency to later
heading than the other cultivars is observed in Respect. On the other hand, early-heading cultivars have a positive
effect on productivity, especially in periods of severe drought. Despite the differences observed in the heading
period under the influence of drought, productivity of the cultivar Bumerang remains high. This shows that the
cultivar has a high tolerance to soil drought, which makes it extremely suitable for growing in various soil and

climatic conditions of Bulgaria.
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INTRODUCTION

One of the factors with highest effect on the pro-
duction of agricultural crops is drought during ac-
tive growth. Since water is a significant resource,
which ensures the vegetative and generative devel-
opment, the deficiency of soil moisture causes ex-
tremely high levels of stress. According to data by
(Blum, 2014), drought is the reason for over 30%
decrease of the yield from the cultivated plants. It is
one of the most complex phenomena and process-
es, which, during the separate periods of vegetative
growth, are characterized by rather varied occur-
rence intensity and duration. Therefore, it is neces-
sary to study in detail a large number of physiologi-
cal, anatomic and morphological parameters related
to drought as a process under changeable conditions
of the environment.

One of the cereal crops with comparatively good
tolerance to various types of drought is triticale.
There are numerous researches aimed at demon-
strating the physiological tolerance of this crop to
drought (Baczek-Kwinta et al., 2006; Hura et al.,
2013; Shanazari et al., 2018; Saed-Moucheshi et al.,
2019). One of the most studied traits in relation to
the effect of drought is yield. The complex expres-
sions of productivity under insufficient soil mois-
ture have been thoroughly investigated by Kutlu &
Kinaci (2010), Lonbani & Arzani (2011), Stoyanov
(2018), Riasat et al. (2019), Stoyanov (2021). De-
pending on the occurrence, intensity and duration
of drought, and also on the genotype used, various
responses are observed with regard to both the yield
and its related traits.

According to Arseniuk (2015), the higher toler-
ance of triticale to drought is related to the earlier



heading and the greater ability of the roots to ex-
tract water from soil. Dhindsa et al. (1998) found
out that under conditions of natural drought on the
territory of India, the late cultivars possessing high-
er drought resistance were able to realize higher
yields in comparison to the early ones. Martyniak
(2002) pointed out that triticale was affected by
drought to a highest degree during the stages head-
ing and milk maturity, when the decrease of grain
yield were highest. Stankova & Stankov (2002) re-
ported that drought to permanent wilting at heading
stage caused significant deviations in such traits as
number of grains in spike and grain weight in spike.
Stirmanova et al. (2021) pointed out that the main
problem with the processes of drought can be solved
by decreasing of the vegetative growth duration to
avoid unfavourable events. Such results show that
drought at the stages critical for the development of
the crop, such as heading, has high effects on its
productivity.

Heading in triticale is a parameter, which is little
studied as a yield related trait in the modern culti-
vars. Although there are researches on the heading
of a certain group of genotypes and their behav-
iour according to the conditions of the environment
(Urazaliev & Ainebekova, 2012; Krokhmal et al.,
2021), the impact of this trait on yield has seldom
been pointed out. Yurchenko et al. (2012) wrote that
the period from heading to wax maturity in triticale
determined the temperature and water regime of the
plant, and thus the varietal specificity as well. Han
et al. (2019) purposefully selected earlier heading
cultivars characterized by higher productivity of
green biomass. Skatova (2021) studied the heading
in hybrid populations of triticale and during 2018,
when there was strong drought, there were almost
insignificant differences between the separate hy-
brid combinations and cultivars. Kendal et al. (2016)
pointed out that the presence of stress factors (low
temperatures) significantly influenced the param-
eter days to heading. These authors also reported
that cultivar Karma, which was with the latest culti-
var heading, was most affected by the drought. The
data of Ramazani et al. (2017) showed that there
was a low but significant correlation of yield with
the days to heading, as well as a positive direct ef-
fect. These authors also noticed high indirect effect
of heading on the yield through 1000 kernel weight.
The results from these studies show that heading
was largely depended on the conditions of the en-

vironment and was important for the formation of
the value of the yield. Since both yield and heading
respond to drought, it is necessary to study in detail
the correlations between the two traits.

The aim of this study was to evaluate the effect
of the natural processes of drought on the heading of
triticale and to find out what is the relation of head-
ing with yield under conditions of intensive water
deficiency in the region of Dobrudzha.

MATERIALS AND METHODS

Plant material and biometrical analysis

To accomplish the above aim, eleven Bulgarian
triticale cultivars were used (Table 1). They were
grown as a whole area crop in trial plots of 10 m?, in
four replications according to a standard block de-
sign, within a competitive varietal trial. Sowing was
mechanized, within the standard dates for triticale,
at density 550 seeds per m?.

Besides the above cultivars, the competitive va-
riety trial also included the standard triticale cul-
tivars AD-7291, Vihren and Rakita, as well as the
world standards Lasko and Presto.In each experi-
mental plot, days to heading from 1 January of the
respective period till entering of 50 % of the plants
into heading stage were read. The plots were har-
vested at full maturity, reading the yield from each
of them separately.

Table 1. Cultivars used during the period of study

No Name Year of registration
1 Kolorit 2005
2 Atila 2007
3 Akord 2007
4 Respekt 2008
5 Bumerang 2009
6 Irnik 2011
7 Dobrudzhanets 2012
8 Lovchanets 2013
9 Doni 52 2014
10 Blagovest 2015
11 Borislav 2016




Conditions of growing

The experiment was carried out in seven consec-
utive harvest years: 2014/2015,2015/2016, 2016/2017,
2017/2018, 2018/2019, 2019/2020, 2020/2021. The
data presented on the mean monthly temperature
and the sum of monthly precipitation (Table 2) re-
veal the contrasting nature of the studied periods.
The highest differences according to the long-term

tendency with regard to temperature were observed
during December — March, and with regard to pre-
cipitation — in December and May. The differences
in these periods were sufficient to conclude that the
vegetative growth over years occurred in different
ways. Clearly outlined are certain meteorological
phenomena and processes, which were of single oc-
currence, were not repeated over periods and were

Table 2. Mean monthly temperature and sum of precipitation during the period of study

Parameter Year Aug Sep Oct Noe Dec Jan
2014/2015 22,70 17,50 11,20 5,60 3,10 1,40
. 2015/2016 22,80 19,50 10,90 9,30 3,40 -0,80
gooh 2016/2017 22,20 18,10 10,60 6,50 -0,60 -4,10
% % 2017/2018 22,50 19,00 11,80 7,50 4,70 1,70
i Eﬂ 2018/2019 23,60 17,70 13,30 5,40 1,20 1,00
B E 2019/2020 22,80 17,90 13,40 11,70 5,20 1,80
= 2020/2021 22,60 19,40 15,30 6,30 5,30 3,00
1960/2021 21,13 16,92 11,74 6,76 2,02 -0,16
. 2014/2015 19,30 31,40 57,90 33,20 87,00 33,20
Eﬂ 2015/2016 42,00 20,80 78,30 55,10 0,40 86,30
.§ 2016/2017 5,00 35,80 72,20 43,30 12,50 48,40
-‘g 2017/2018 12,40 69,90 50,50 57,20 55,80 75,40
g 2018/2019 1,10 54,70 11,70 66,20 43,80 19,20
Lg 2019/2020 7,80 36,70 27,60 35,40 21,80 2,80
g 2020/2021 3,50 34,10 52,90 26,00 74,40 109,70
. 1960/2021 36,95 46,06 42,26 43,12 42,20 37,55
Parameter Year Feb Mar Apr May Jun Jul
2014/2015 2,00 5,00 10,10 16,40 19,40 22,40
= 2015/2016 7,30 6,80 13,20 14,70 20,90 22,80
;g{ 2016/2017 2,00 7,30 8,70 15,00 20,20 21,80
Q‘a E 2017/2018 1,10 4,60 13,40 17,70 20,40 22,20
§ i 2018/2019 3,50 8,20 9,00 16,00 22,30 22,00
5 E 2020/2021 5,10 8,00 10,00 15,40 19,60 22,30
= 2020/2021 4,00 4,20 8,80 15,80 18,90 22,80
1960/2020 1,24 4,70 9,85 15,25 21,94 21,42
. 2014/2015 79,50 67,70 8,50 12,90 31,30 27,20
Eﬁ 2015/2016 40,70 52,70 20,80 117,10 55,70 2,80
é 2016/2017 27,40 48,90 38,40 29,00 87,70 66,30
% 2017/2018 48,80 4,90 30,90 90,80 59,60 59,60
g 2018/2019 16,30 16,10 49,40 31,70 37,50 54,00
‘g 2019/2020 28,10 28,30 5,80 48,00 51,30 2,70
g 2020/2021 13,20 22,20 44,60 63,60 162,70 29,70
. 1960/2021 33,74 35,25 39,97 52,19 62,60 50,99




able to strongly influence the physiological process-
es in the plant organism.

Worth mentioning are 2018/2019 and 2019/2020
growing periods, when extremely intensive spring
drought was observed. Highly unfavorable for
growing of triticale was 2019/2020 due to the rather
long drought during March-April. At the same time,
favorable for growing of triticale were the condi-
tions of 2014/2015, 2016/2017 and 2020/2021, when
smaller number of negative events during vegeta-
tive growth were observed.

Developing a model

Similar to any other stress factor, drought leads
to quantitative and qualitative changes in physio-
logical, anatomic and morphological aspects. Since,
however, it is impossible to differentiate under natu-
ral conditions the effect of a given stressor on such
complex parameters as yield and its related traits, it
is possible to observe identical phenotypic response
under the influence of various expressions of the
weather. That raises the question how to determine
the effect of drought on such a trait as heading and
respectively on the value of yield.

One of the most important stages in determining
the effect of drought on a given trait is evaluating
the intensity and duration of drought for each spe-
cific period of the investigation. This is necessary
because drought as a factor is not possible to control
under natural conditions. One of the most common
methods is using the aridity index of De Martonne,
which is based on the ratio of the sum of precipita-
tion of the period to the mean temperature of the pe-
riod (Formula 1) (Croitoru et al., 2012). The original
index gives an idea about drought during the entire
calendar or growing period (12 months).

Since heading is not related to all processes in a
given growing period, a period from the beginning
of the plant development to the end of heading is to
be chosen. Under the conditions of Bulgaria, this
period includes the months from October to May,
since sowing of triticale is most often in October,
and the mass heading of the winter triticale forms
encompasses the period between 20" April and 30
May, which, however, is strictly dependent on the
set of genotypes and the specific conditions of the
environment. The aridity index of De Martonne
could be calculated for this period — October-May
(8 months) and could satisfy Formula 2.
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where
I,,,,—De Martonne index of the growing period

P,— Sum of precipitation of the growing period
. T, — Mean air temperature of the growing pe-
riod
1,,..,»—De Martonne index of the period to head-
ing
P, ,— Sum of precipitation of the period to head-
ing
T, — Mean air temperature of the period to

heading

At the next stage, it is necessary to evaluate in
a long-term perspective if the region is a dry one
as a whole, i.e. based on the De Martonne index, to
determine the long-term tendency. In this case, the
index is calculated for the same period but based on
the long-term mean values of temperature and pre-
cipitation. Such data are necessary to determine to
what extent the stress conditions in a specific period
differ from the long-term tendency and if condi-
tions different from the normal ones cause a certain
effect on a given trait.

The phenotypic expression triggered by a stres-
sor on a specific trait can be identical to a pheno-
typical expression resulting from a different stres-
sor. Thus, for example, heading in triticale may oc-
cur earlier if the winter is warmer or if there are
good moisture reserves in soil, but it may also be
triggered by intensive drought. In this respect, the
calculated De Martonne aridity index allows deter-
mining those processes and phenomena, which are
not related to drought as a complex process.

To evaluate, however, its effect on a specific trait,
it is necessary to model the trait itself in such a way
as to be able to isolate the effect of all other pos-
sible causes. This is possible only by additionally
increasing the contrast between the values of the
studied parameter. The mathematical interpretation
of such a model in presented in Formula 3.

.
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DMHPb
X,,,, — De Martonne adjusted (model) value of

the studied parameter X
X — Real values of the studied parameter X



1, — D€ Martonne aridity index of the period
to heading during vegetative growth period i
1., — De Martonne aridity index of the period

to heading based on long term values

If we assume that a given trait decreases under
the effect of a stress factor, the model values based
on the De Martonne index should be comparative-
ly the same for all expressions of the stress effect,
with the exception of those caused by drought. If,
however, a given trait increases under drought, the
model values of the period with active drought will
decrease it. In this case, the model values of the pe-
riods without occurrence of drought will be higher.
Regardless of drought causing higher or lower val-
ues, this model allows differentiating the effects of
drought from the effects of other stress factors.

Application of the model and statistical analysis

The obtained results on the days to heading and
the yield from the studied triticale cultivars were
summarized and averaged by genotype and period
of study. The De Martonne aridity index was calcu-
lated for each investigated period separately based
on 8-month period to heading (October — May).
Drought was analyzed over the years of the study
and the periods with intensive drought were deter-
mined. The model (De Martonne adjusted) values
of the days to heading were calculated based on
Formula 3, and were applied according to Formulae
4 and 5.

DMADH = DH .M @),
DMHPb

where

DMADH — De Martonne adjusted (model) value
of parameter days to heading

DH — Real values of parameter days to heading

DMAY =Y _M ),

DMHPb

where

DMAY — De Martonne adjusted (model) values
of yield

Y — Real values of yield

The calculations were performed over cultivars,
years and replications. The results from the model
values were also summarized and averaged over
cultivar and year. A correlation analysis was car-

ried out between days to heading and yield, as well
as between the DMADH and yield and DMAY. The
effect of drought on days to heading was deter-
mined. A thorough analysis was done with regard
to the effect of drought on yield through the effect
of drought on heading. For summarizing of results
MS Office Excel, 2003 was used, and for the corre-
lation analysis - IBM SPSS Statistics, v.19.

RESULTS AND DISCUSSIONS

Effect of drought on heading

The data on the weather during the studied peri-
ods (Table 2) show the rather contrasting nature of
the growing conditions of triticale. Especially clear-
ly outlined is the absence of rainfalls during the two
growing periods 2018/2019 and 2019/2020. The re-
sults on the aridity index of De Martonne (Table 3)
confirmed the high degree of drought in these two
periods, especially in 2019/2020. In this respect, up
to the beginning of and during heading, low winter
moisture reserves were registered besides the insuf-
ficient precipitation, as well as considerably higher
air temperatures. This was the reason for the com-
paratively earlier occurrence of heading in these
two periods (Table 4). On the other hand, early
heading was observed also in 2015/2016, although
this period was considerably more humid, especial-
ly during heading stage (Table 2). In comparison to
the long-term tendency, all other economic periods
were characterized as moderately humid or consid-
erably humid. Closest to the long-term values was
the De Martonne index in 2016/2017.

Both between the individual periods and be-
tween the studied genotypes, significant differences

Table 3. De Martonne index of the period to
heading over years of study

Year Lovion
2014/2015 33,82
2015/2016 37,41
2016/2017 30,63
2017/2018 34,89
2018/2019 22,19
2019/2020 15,76
2020/2021 34,19
1960/2021 29,80




were observed over periods. Differences of up to 20
days were registered between the mean values of
the seven vegetative growth periods. Nevertheless,
there was a certain tendency in the separate culti-
vars their heading to be close to the mean values.

In 2014/2015, with earliest heading were cul-
tivars Kolorit (130 days) and Dobrudzhanets (130
days), at the level of the early standard cultivar AD-
7291. The standard cultivars Vihren and Rakita dif-
fered significantly with one day, by days to heading
(131 and 132 days). At the level of the standard cul-
tivar Rakita were cultivars Atila, Akord, Lovcha-
nets, Doni 52 and Blagovest. Significantly later is
the heading of the cultivar Respekt.

In harvest year 2015/2016, again the early was
standard cultivar AD-7291, which started heading in
117 days. Vihren and Rakita differed significantly,
their heading being in 118 and 120 days, respectively.
Cultivar Kolorit was at the level of AD-7291. At the
level of the late standard cultivar Rakita were cultivars
Lasko, Presto, Irnik, Dobrudzhanets, Lovchantes,
Blagovest and Borislav. Considerably later were cul-
tivars Atila, Akord, Respect and Bumerang.

In the third growing period (2016/2017), the ear-
ly standard cultivar AD-7291 (139 day) was almost
equal to the standard cultivar Rakita (140 days), and
the latest of the three standard cultivars was Vihren
(141). Kolorit was also equal to Rakita by heading.
At the level of Vihren were cultivars Presto, Bumer-
ang, Irnik, Dobrudzhanets, Doni 52 and Blagovest.
The heading of cultivar Borislav was the earliest of
all cultivars, averagely for 138 days. Significant-
ly later were cultivars Atila, Akord, Respekt and
Lovchanets.

Growing period 2017/2018 was characterized by
significantly earlier heading according to the previ-
ous period. Again, the earliest standard cultivar was
AD-7291 (119 days), later was Vihren (120 days),
and latest — Rakita (122 days). The heading of the
world standard cultivars Lasko and Presto was be-
tween Vihren and Rakita. At the level of Vihren was
only Kolorit. Cultivars Irnik, Dobrudzhanets, Doni
52 and Blagovest were equal to Rakita by heading.
At the level of Lasko were Lovchanets and Borislav,
and significantly later than all standard cultivars
were Atila, Akord, Respekt and Bumerang.

Table 4. Days to heading of the investigated triticale cultivars

Cultivar 2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 2020/2021 Average
AD-7291 130 117 139 119 127 122 133 127
Vihren 131 118 141 120 128 124 132 128
Rakita 132 120 140 122 129 126 133 129
Lasko 131 120 142 121 128 129 133 129
Presto 131 120 141 121 129 122 133 128
Kolorit 130 117 140 120 126 125 132 127
Atila 132 128 143 125 128 126 135 131
Akord 132 123 142 124 129 126 134 130
Respekt 133 129 144 126 133 129 135 133
Bumerang 131 127 141 124 131 127 133 131
Irnik 131 120 141 122 130 127 133 129
Dobrudzhanets 130 119 141 122 129 127 133 129
Lovchanets 132 120 144 121 129 126 133 129
Doni 52 132 121 141 122 128 124 132 129
Blagovest 132 120 141 122 128 126 133 129
Borislav 131 119 138 121 127 126 133 128
Average 131 121 141 122 129 126 133 129
LSD 0,05 0,4 1,8 0,7 0,9 0,8 1,0 0,4 0,7
LSD 0,01 0,5 2,4 1,0 1,2 1,1 1,3 0,6 1,0
LSD 0,001 0,6 3,1 1,2 1,6 1,4 1,6 0,7 1,2




In 2018/2019, heading was similar to 2015 by
average value of the investigated set of cultivars.
Among the studied cultivars, the standard cultivar
AD-7291 was again the earliest (127 days), which
was equal to cultivar Borislav by heading. Vihren
and Rakita were later and their heading period is
128 and 129 days, respectively. Lasko was equal to
Vihren, and Presto — to Rakita. Kolorit was earliest
than all standard cultivars (126 days). Atila, Doni
52 and Blagovest were equal to Vihren, and Akord,
Dobrudzhanets and Lovchanets — to Rakita. With
later heading were Respekt, Bumerang and Irnik.

In economic year 2019/2020, when strong
drought occurred, the average heading period of the
studied cultivars was 126 days. The earliest to head-
ing was observed in the standard cultivar AD-7291
(122 days) but it was equal to the usually late world
standard cultivar Presto. Vihren heading period was
124 days, Doni 52 being at its level. Rakita was later
(126 days), and Atila, Akord, Lovchanets, Blagovest
and Borislav were equal to it. Bumerang, Irnik and
Dobrudzhanets had later heading period — 127 days,
and Respekt was the latest, being equal to Lasko
(129 days).

In the period 2020/2021, which was the most un-
favorable for growing of triticale, the heading of the
cultivars differed insignificantly. Thirteen out of the
sixteen investigated cultivars had heading period of

132-133 days. Later were only Atila, Akord and Re-
spekt — 134-135 days.

The results on the investigated periods showed
that comparatively narrower range of heading was
observed in years, when the conditions were con-
siderably more favorable for growing of triticale
— 2014/2015, 2016/2017 and 2020/2021. In periods
with serious deviations from the long-term tenden-
cy with regard to both temperature and precipita-
tion, heading was much longer.

This tendency can be followed in Figure 1.
Considerably wide was the range of heading in
2015/2016, and in the two periods with clearly ex-
pressed drought — 2018/2019 and 2019/2020. Never-
theless, in absolute values heading was influenced
to a much higher degree and was significantly ear-
lier in economic years 2015/2016 and 2017/2018 in
comparison to the mean values of the separate pe-
riods

Such behavior does not allow determining the ef-
fect of drought, since it is not possible to determine
if the earlier heading in these periods related to the
wormer winters or to the insufficient moisture.

The use of the developed model based on the ad-
justed values of the days to heading through the De
Martonne index allowed making more clear the ef-
fect on heading. This was related to the fact that in
the more humid periods the values of heading will
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increase due to the higher De Martonne index, and
in periods with active drought, the days to heading
will decrease due to the lower De Martonne index.
The effect on the separate genotypes can be fol-
lowed in Table 5 and on Figure 2.

Most prominent are two periods, 2018/2019 and
2019/202, when the two lowest declines in the graph
were observed. Respectively, in the other periods
when effects of the meteorological phenomena and
processes on heading were observed, they were
equal to the rest of the periods. This indicated not
only that drought affected heading of triticale, but
that it was also affected to a high degree.

The results we obtained on the days to heading
entirely correspond to those of other researches in
winter triticale. Krokhmal et al. (2021) pointed out
that the 20 accessions they tested for an average of
five years began heading between 12" May and 2
June depending on the conditions of the environ-
ment and the genotype. Sechnyak & Sulima (1984)
pointed up that a serious shortcoming of the early
triticale forms was their late maturation. Neverthe-
less, a large part of the breeding programs direct the

breeding process toward earlier forms as evidenced
by Ittu & Saulescu (1998), Medvedev et al. (2012),
Urazaliev & Aynebekova (2012) and Yurchenko et
al. (2012). In this respect, as emphasized by Arse-
niuk (2015), the early forms have a significant ad-
vantage with regard to drought. According to Liu
et al. (2017), wheat starts heading earlier under the
effect of drought, this mechanism, in the opinion
of Shavrukov et al. (2017) leading to avoidance of
the unfavorable effects of the environment. Kumar
et al. (2014) demonstrated that the heading of ac-
cessions from crosses of triticale with wheat was
with an average of two days earlier under drought.
Lagrou (2014) noticed an insignificant difference
between the mean values of heading in the eight
triticale forms they studied under three regimes of
drought.

Significance of the effect of drought on heading
for formation of yield

Since days to heading are one of the most im-
portant yield related trait in triticale, the effect of
drought on it would be significant for the yield

Table 5. Values of DM ADH in the studied triticale cultivars

Cultivar 2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 2020/2021 Average
AD-7291 147 146 143 139 94 65 153 127
Vihren 149 148 145 141 95 66 152 128
Rakita 149 151 144 143 96 67 153 129
Lasko 149 151 146 142 95 68 153 129
Presto 149 150 144 141 96 65 153 128
Kolorit 147 147 144 141 94 66 151 127
Atila 149 160 147 146 95 67 155 131
Akord 150 154 146 145 96 67 154 130
Respekt 150 162 148 148 99 68 155 133
Bumerang 149 159 145 145 97 67 153 131
Irnik 149 151 145 143 96 67 153 129
Dobrudzhanets 148 149 145 143 96 67 153 129
Lovchanets 150 151 148 142 96 67 153 129
Doni 52 150 152 145 143 95 66 151 129
Blagovest 150 150 145 143 95 67 153 129
Borislav 148 149 142 142 94 67 153 128
Average 149 152 145 143 96 66 153 129
LSD 0,05 0,4 2,3 0,8 1,1 0,6 0,5 0,5 0,8
LSD 0,01 0,6 3,0 1,0 1,4 0,8 0,7 0,6 1,0
LSD 0,001 0,7 3,9 1,3 18 1,0 0,8 0,8 1,3
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Figure 2. Dynamics of parameter DMADH

from the investigated genotypes, too. According to
Shavrukov et al. (2017), the early heading is one of
the best mechanisms to avoid the effect of drought
on the formation of productivity in common wheat.
Giunta et al. (1992) pointed up, that the early head-
ing was the reason why triticale was significantly
more drought resistant and the difference between
the variant with drought and the watered check was
considerably lower in comparison to the same dif-
ference in wheat.

Under natural conditions, however, it is very dif-
ficult to determine to what degree heading influ-
ences productivity, particularly under conditions of
long and intensive drought. This can be determined
from Table 6, which presents the results on the yield
from the studied cultivars. In the two periods with
active drought, productivity was actually much low-
er, but it was nevertheless higher in comparison to
the productivity in economic year 2015/2016, which
was characterized as extremely humid, especially
during the heading stage.

Such results show that not only drought but the
extremely high precipitation norms also cause stress
in triticale, and lead to lower productivity, respec-
tively. Similar to heading, however, with regard to
productivity it should also be emphasized that the
actual data on yield and their referring to a certain

meteorological characteristics do not give sufficient
ground to assume that the decrease of productivity
is unambiguously related to the effects of drought.

The application of the developed model to the
values of the yield supports this thesis by under-
lying the rather strong effects of the insufficient
moisture reserves on the formation of productivity
in triticale. The values of DMAY in 2018/2019 and
2019/2020 show that in the second of the two years
the intensive drought had much higher effect on the
plants, as supported by the values of heading, too.

The dynamics of the model values of yield largely
approximated the values of heading (Figure 3). Al-
though the yield values varied within a much wider
range, a tendency was observed both the days to
heading and productivity to demonstrate extremely
contrasting model values for both periods of inten-
sive drought in comparison to the rest of the periods.
Therefore, it can be assumed that heading is highly
important for yield and that the effect of drought on
heading is rather significant for productivity.

These assumptions are confirmed by the values
of the correlation coefficients between the days to
heading and the yield, between the DMADH and
the yield, and between DMADH and DMAY.

The values of the correlation coefficients be-
tween days to heading and yield revealed the degree
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Table 6. Yield from the studied triticale cultivars

Cultivar 2014/2015 2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 2020/2021 Average
AD-7291 589 596 602 637 507 483 806 603
Vihren 609 540 631 745 513 477 741 608
Rakita 725 529 735 717 608 570 747 662
Lasko 765 455 614 631 561 547 779 622
Presto 777 436 681 624 612 596 806 647
Kolorit 691 543 644 661 504 531 768 620
Atila 763 632 757 609 476 564 644 635
Akord 767 552 691 584 549 568 730 634
Respekt 704 320 679 563 406 478 698 549
Bumerang 779 424 776 745 608 631 859 689
Irnik 793 521 603 634 495 556 776 625
Dobrudzhanets 643 469 770 664 579 468 830 632
Lovchanets 649 378 564 624 476 490 686 552
Doni 52 803 611 745 700 603 574 770 687
Blagovest 747 543 713 636 532 567 767 643
Borislav 839 605 711 602 601 572 831 680
Average 728 509 682 649 539 542 765 631
LSD 0,05 35,8 43,5 32,5 26,4 29,8 23,9 27,9 19,8
LSD 0,01 47,1 57,1 42,8 34,7 39,1 31,4 36,7 26,1
LSD 0,001 60,2 73,0 54,6 44,4 50,0 40,1 46,9 33,3
Table 7. Values of DMAY in the studied triticale cultivars
Cultivar 2014/ 2015/ 2016/ 2017/ 2018/ 2019/ 2020/ Average
2015 2016 2017 2018 2019 2020 2021
AD-7291 669 749 619 746 377 255 925 620
Vihren 691 678 649 872 382 252 850 625
Rakita 823 663 756 840 453 301 857 670
Lasko 868 571 631 739 418 289 894 630
Presto 882 547 700 731 456 315 925 651
Kolorit 785 681 662 773 376 281 881 634
Atila 865 793 778 713 355 298 739 649
Akord 870 693 710 684 409 300 838 643
Respekt 799 401 698 659 302 253 801 559
Bumerang 884 532 798 873 452 334 986 694
Irnik 899 653 620 742 369 294 890 638
Dobrudzhanets 729 588 792 777 431 248 953 645
Lovchanets 737 475 580 731 355 259 787 560
Doni 52 911 767 766 820 449 304 884 700
Blagovest 848 681 732 745 396 300 879 655
Borislav 952 760 730 705 447 303 954 693
Average 826 640 701 759 402 287 878 642
LSD 0,05 40,7 54,6 33,4 30,9 22,2 12,6 32,1 19,7
LSD 0,01 53,5 71,7 43,9 40,7 29,1 16,6 42,1 25,9
LSD 0,001 68,3 91,6 56,1 52,0 37,2 21,2 53,8 33,1
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Figure 3. Dynamics of parameter DMAY

to which heading itself was important for produc-
tivity. In the greater part of the cultivars, a moder-
ate or comparatively low but significant correlation
of the two parameters was observed. It was high-
est in cultivars Presto, Akord and Dobrudzhanets,
and lowest in AD-7291, Vihren and Irnik. These
results showed that heading was of comparatively
low importance for AD-7291, Vihren and Irnik, but
considerably more important for Presto, Akord and
Dobrudzhanets.

The correlations between DMADH and yield,
on their part, revealed the importance of drought on
heading for the values of yield. The correlation of
the entire set of cultivars was similar to the previous
correlation. On the other hand, however, the culti-
vars had entirely different values. Presto, Respect,
Bumerang and Lovchanets were with the lowest
correlation coefficients. With the highest correla-
tion coefficients were AD-7291, Vihren, Kolorit and
Doni 52. In the cultivars with high values, the yield
was influenced to a higher degree by drought ef-
fects on heading. This means that the stronger the
effect of drought on the heading of a cultivar, the
stronger the reaction of the yield will be.

The correlation between the two model values
(DMADH and DMAY), on its part, gives an idea
about how the effects of drought on heading influ-

ence the effects of drought on yield. In practice, the
correlation between the two parameters reveals if
both parameters respond identically to drought. All
correlation coefficients over cultivars were high
and significant. They were highest in cultivars AD-
7291, Vihren, Rakita, Kolorit, Doni 52, Blagovest
and Borislav. Lowest were in Respekt and Bumer-
ang. The lower correlation in the latter two cultivars
shows that although their heading was affected by
drought, yield did not respond to the same degree.
This is also emphasized by the absence of a high
and significant correlation of DMADH with yield.
On the other hand, both heading and drought
were important for the formation of the value of
yield. In this respect, in cultivars, in which higher
correlation of DMADH with yield was observed
than of days to heading with yield, the drought and
its effect on yield was more important for the total
effect on productivity. Furthermore, if the correla-
tion of the days to heading with yield was higher
than the correlation of DM ADH with yield, this was
an indication that the process of heading itself was
more significant for the formation of productivity.
Such correlations were observed in Rakita, Lasko,
Presto, Atila, Akord, Respekt, Bumerang, Dobrud-
zhanets, Lovchanets, Blagovest and Borislav. In
practice, in the early cultivars such as AD-7291,
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Table 8. Correlations between actual and model values of the studied parameters

) DH-Y DMADH-Y DMADH-DMAY

Correlation

r R?, % r R?, % r R?, %
AD-7291 0,284 8,07 0,681** 46,38 0,907** 82,26
Vihren 0,184 3,39 0,647** 41,86 0,895%* 80,10
Rakita 0,542%* 29,38 0,450* 20,25 0,910%* 82,81
Lasko 0,420* 17,64 0,380* 14,44 0,848** 71,91
Presto 0,630%** 39,69 0,243 5,90 0,823** 67,73
Kolorit 0,392* 15,37 0,610%* 37,21 0,925%* 85,56
Atila 0,575%** 33,06 0,573%* 32,83 0,926%** 85,75
Akord 0,632%* 39,94 0,490** 24,01 0,927** 85,93
Respekt 0,480%** 23,04 0,322 10,37 0,730%** 53,29
Bumerang 0,411* 16,89 0,189 3,57 0,744%* 55,35
Irnik 0,294 8,64 0,485%* 23,52 0,866** 75,00
Dobrudzhanets 0,606** 36,72 0,506%** 25,60 0,859%* 73,79
Lovchanets 0,376* 14,14 0,363 13,18 0,815%* 66,42
Doni 52 0,540** 29,16 0,616** 37,95 0,937** 87,80
Blagovest 0,574%* 32,95 0,529%* 27,98 0,919%* 84,46
Borislav 0,594 %* 35,28 0,552%* 30,47 0,917** 84,09
Whole set 0,409** 16,73 0,432%* 18,66 0,852%* 72,59

DH — Days to heading; Y — Yield.

Vihren and Kolorit, the effect of drought was more
important both for heading and productivity. This
demonstrated that early heading is an active mech-
anism of high importance for yield formation. On
the other hand, in the later cultivars, in which head-
ing itself had higher effect on productivity, such a
mechanism was absent or was not so significant for
the productivity of the respective genotype.

The results we obtained completely correspond
to the correlations in triticale described by Ghan-
dorah (1987) for wheat and triticale. According to
the author, with the increase of the percent content
of soil moisture, the investigated genotypes started
heading later and gave higher yields. The regres-
sion equations obtained by the same author corre-
sponded to our results because the days to head-
ing and the yield did not follow identical tenden-
cies when the moisture reserves in soil increased.
Gupta et al. (2007) demonstrated, investigating 22
derivative lines of a triticale x common wheat cross,
that in practice there was no correlation between
yield and days to heading although the studied set
did not include genotypes preliminary determined
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for drought resistance. Kalbarczyk (2010) empha-
sized the significance of drought in the period from
heading to milk maturity as the most critical for
the formation of productivity. The data of Kheir-
izadeh Arough et al. (2016) showed that the content
of water and chlorophyll in the leaves of triticale in
heading stage under regime of extremely high water
stress was considerably lower in comparison to the
other regimes of watering at the same stage.

The results from the cultivars we studied under
contrasting environments and highly contrasting
conditions during the separate periods at heading
stage showed that heading as a process was large-
ly affected by the insufficient moisture reserves in
soil. This influenced the formation of the crop’s pro-
ductivity, which was directly dependent on the in-
tensity of drought. The separate studied genotypes
responded differently; in some of them heading it-
self was more important for productivity, while in
others the effect of drought on heading influenced
to a higher degree the values of yield.

Among the studied genotypes, the heading of
cultivars Bumerang and Respekt was with lowest



importance for productivity. While Bumerang is
a genotype comparatively tolerant to drought, the
genotypically determined later heading of Respekt
had in practice no effect on productivity since in this
cultivar the entire vegetative growth period was lat-
er in comparison to the rest of the studied cultivars.
On the other hand, cultivars such as Doni 52 and
Kolorit had earlier heading periods under drought
revealing a mechanism for avoidance of the nega-
tive effects of drought. Nevertheless, Bumerang and
Doni 52, although possessing different strategies
for minimizing the effect of drought on the growth
and development of the plant, were characterized as
highly productive even under intensive conditions
of drought, which makes them valuable for growing
under varied conditions of the environment.

CONCLUSIONS

Based on the results presented above, the follow-
ing conclusions can be made:

1. Among the studied contrasting periods of
growing, 2018/2019 and 2019/2020 were character-
ized by intensive spring drought, which significant-
ly influenced the trait days to heading in all investi-
gated genotypes.

2. The obtained model values of the param-
eter DMADH showed that the effect of drought
on heading in 2019/2020 was much higher than in
2018/2019.

3. The model values of the parameter DMAY
showed a tendency of yield similar to the tendency
of days to heading.

4. Based on the correlation analysis carried out,
it can be assumed that drought, through heading,
had a significant effect on the productivity of the
studied triticale genotypes.

5. Cultivar Bumerang demonstrated absence of
drought effects on heading and on productivity, re-
spectively, while in Doni 52 high effect of drought
on heading and on yield, respectively, was observed.
This indicated that in the highly productive geno-
types drought tolerance was triggered by different
mechanisms.

6. Regardless of the different strategies for mini-
mizing the effect of drought on the growth and de-
velopment of cultivars Bumerang and Doni 52, they
were characterized as highly productive even under
intensive drought, which makes them highly suit-
able for growing under various environments.
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