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Abstract

The objectives of this study were to investigate: (1) the effects of cultivar, environment, and
their interactions on the grain yield, test weight and 1000 kernel weight of winter triticale, and
(2) the correlations between these traits in different environments. Based on the grain results
during a three-year investigation with two cultivars, it can be concluded that the grain yield of
triticale significantly varied across years, from 4.251 t/ha in 2010/11 to 5.791 t/ha in 2012/13 in
the study.

The investigated period clearly indicates that highly significant effect of year was found on
grain yield, test weight and 1000 kernel weight. Furthermore, test weight was highly significant
regarding the interaction of the year and cultivar and significant for 1000 kernel weight.

Environmental conditions have had a significant effect on grain yield and quality in triticale.
Grain yield shows a tendency to increase in the years having a higher total amount and better
distribution of rainfall during critical plant development stages.
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INTRODUCTION

Triticale is cereal species gained by cross-breeding of wheat and rye. The yield per
unit area is the result of the action of factors of variety fertility in interaction with
environmental factors. Therefore, the yield is relative term and is determined by the
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variety, environmental conditions and the level of applied technology. Yield is largely
dependent on the genetic potential, which could be defined as yield of variety which
was grown in conditions on which it had adapted, with adequate amounts of water and
nutrients and efficient control of pests, diseases, weeds and other stresses (Pekic¢ et
al., 2014). Yields vary considerably primarily as a result of agro-ecological conditions
2020).

Triticale presented high tolerance regard the acid soils, as well as god productive
results on sandy soils (Peki¢ et al., 2016). Soil acidity frequently affects agricultural
production in Serbia. Triticale was planting where corn did not prosper, as well in the
areas with moderate climate (Djekic et al., 2011; Biberdzi¢ et al., 2017). It could be said
that it inherited very good up to excellent tolerance regard the most important
pathogens and small grains pests. Triticale presented high adaptability on local agro-
ecological conditions, and it was influenced on stabile yield reaching.

New perspective triticale lines and varieties has more and better filled grain, higher
yield, grain mass and farinaceous content, while proteins and lysine was smaller com-
pared with older varieties (Milovanovi¢ et al., 2012; Kendal et al., 2016).

The objective of this study was to evaluate the effect of different fertilization
systems on the grain yield and quality of triticale grown on a Pseudogley soil. The
study was also aimed at optimizing fertilization for maximum profitability in the future
triticale production in Western Serbia.

MATERIALS AND METHODS

Experimental design

During the three growing seasons, two cultivars of winter triticale (Trijumf and
Odisej), cultivated at the experimental field in Valjevo were investigated. The
experiments were conducted in randomized block systems, with a plot size of 50 m?
(5 mx 10 m) in five replications. The sowing was carried out using a machine with row
spacing of 12.5 cm. The soil on which the trial was conducted was uniform and well
prepared. The amount of seed per square meter amounted to 400-450 viable seeds,
depending on the characteristics of varieties. It was sown in the third decade of October,
with 400 kg/ha of fertilizer NPK 15:15:15, which was added in the fall, while during
the spring fertilization soil was supplemented with 300 kg/ha (KAN 27%N).

The following properties were analyzed: grain yield (t/ha), test weight (kg/hl) and
1000 kernel weight (g). Grain yields were measured for each plot and converted to
yield tons per hectare on the basis of 14% grain moisture.

Soil Analysis

The trial was performed on soil that is characterized as pseudogley. According to
the analysis, this is a soil of medium acidity, poor in humus, with a substitution and total
hydrolytic acidity that were quite high (pH in H.0=5.59, in KC1=4.50). The soil was
moderately provided with total nitrogen, it is poor in easily accessible phosphorus
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(P20s=<15 mg/100 g of soil), a a good provided of easily accessible potassium
(K20=23-35 mg/100 g of soil) was recorded.

Statistical Analysis

On the basis of achieved research results the usual variational statistical indicators
were calculated: average values. Experimental data were analyzed by descriptive and
analytical statistics using the statistics module Analyst Program SAS/STAT (SAS
Institute, 2000) for Windows. All evaluations of significance were made on the basis
of the ANOVA test at 5% and 1% significance levels.

Agroecologial conditions

This study was conducted over a three-year period in the Kolubara district,
Sumadija region, Western Serbia, on a Pseudogley soil, at Valjevo location, 176 m a.
s. 1. (44°19'N 19°55'E), in a temperate continental climate having an average annual
temperature of 11.4°C, typical of Sumadija districts in Western Serbia and a rainfall
amount of about 787.7 mm. Valjevo area is characterized by a moderate continental
climate, which in general is characterized by uneven distribution of rainfall by month.

Table 1. Middle monthly air temperature and precipitation amount
(Valjevo)

Months
Interval | X [ Xt [xu| 1 | o |m[1v] v ][ VvI]Vi]Aver
Mean monthly air temperature (°C)
2010/11 95 1101|2304 |10 ] 6.6 |128]16.1]21.2|22.6|10.26
2011/12 |10.7] 29 | 4.1 | 0.8 |-3.8| 8.7 | 12.3|16.6]23.2|25.7]10.12
2012/13 134|194 | 09 | 3.1 | 42 | 6.5 |13.7]17.6|20.5[22.8|11.21
Average |11.7] 6.1 | 19 | 0.6 | 20 | 6.6 |11.6|16.8]19.9]21.9] 991
The amount of precipitation (mm
2010/11 | 83.339.4|56.7|53.0|75.9|76.1|65.6|117.8/216.8/121.0/905.6
2011/12 | 32.7] 9.3 |66.6|28.2|53.7|32.4|33.4|161.4]| 27.5 |101.4| 546.6
2012/13 | 31.0]21.2105.2]/95.4 | 67.5 | 14.6 | 86.6 |115.1]| 28.2 | 19.4 | 584.2
Average |62.9]62.7|60.6|49.9|44.6|57.9|59.9|72.1|110.2| 71.0 | 651.8

The data presented in Table 1 for the analyzed triticale growing season (2011-2013)
clearly suggest differences in weather conditions between the years of the study and
the long-term mean for the region. The average air temperatures were by 0.35°C,
0.21°C and 1.3°C higher in 2010/11, 2011/12 and 2012/13, respectively, as compared
to the long-term mean, whereas the sums of rainfall were by 253.8 mm higher in
2010/11 years and lower by 105.2 mm and 67.6 mm in 2011/12 and 2012/13 as
compared to the long-term mean. Compared to the long-term mean, total rainfall
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values, especially in the first year, second and third year, were considerably higher in
February, April and May, whereas total rainfall in April 2011/12 decreased by 26.5
mm. Given the high importance of sufficient rainfall amount during the spring months,
particularly April and May, for triticale production, the distribution and amount of
rainfall over the growing season 2012/13 were considerably more favorable, resulting
in increased yields in this year. Apart from the rainfall deficiency during the spring
months and the non-uniform distribution of rainfall across months, an increase in
average air temperatures was also observed. The warmest month, on average, is July
with an average temperature of 21.9°C. The coolest month on average is January, with
an average temperature of 0.6°C.

Variations in the temperature, in the amount of precipitation during vegetation as
well as in the soil moisture content are the most important factors of the yield instability
(Popovi¢ et al., 2011; Biberdzi¢ et al., 2012; Peki¢ et al., 2014; Jelic et al., 2015). It is
known that individual or mutual influence of abiotic stress factors (high and low
temperatures, drought, acidic and saline soil) in different triticale growth stages limit
the expression of the maximum grain yield potential (Djekic et al., 2011; Biberdzi¢ et
al., 2017; Terzic et al., 2018; Raji¢i¢ et al., 2020).

RESULTS AND DISCUSSION

Grain yield, 1000 kernel weight and test weight

Average values of grain yield, 1000 kernel weight and test weight at investigated
winter triticale varieties are presented in the Table 2. The grain yield of triticale
significantly varied across years, from 4.251 t/ha in 2010/11 to 5.791 t/ha in 2012/13
(Table 2). During the first year of investigations (2010/11), variety Trujumf achieved
the highest yield of grain (4.305 t/ha). During the second year of investigations
(2011/12), the grain yield of variety Trujumf was the highest with 4.784 t/ha, while the
slightly lower yield was realized by variety Odisej (4.605 t/ha). In 2012/13, yield
significantly varied across cultivars, from 5.621 t/ha of variety Odisej to 5.961 t/ha of
variety Trujumf (Table 2).

Table 2. Average values of investigated triticale varieties
characteristics

- 2010/11 2011/12 2012/13 Average
Varieties —

x S x | s x | s X S
Grain yield, (t/ha)
Trijumf | 4.305 | 0490 [ 4.784 [ 0241 [ 5.961 | 0.503 [ 5.016 [ 0.822
Odisej | 4.198 | 0.723 | 4.605 | 0.486 | 5.621 | 0.326 | 4.808 | 0.794
Average | 4251 | 0.585 | 4.694 | 0374 | 5.791 [ 0.438 | 4.912 | 0.801
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Test weight (kg/hl)
Trijumf | 67.99 | 1.244 | 71.49 | 1.719 | 76.49 | 1.857 | 71.99 | 3.913
Odisej | 63.44 | 1.345 | 73.97 | 1.635 | 76.69 | 2.455 | 71.37 | 6.163
Average | 65.71 | 2.691 | 72.73 | 2.052 | 76.59 | 2.055 | 71.68 | 5.082
1000 kernel weight (g)
Trijumf | 38.86 | 0.727 | 39.58 | 1.050 | 42.60 | 1.114 | 40.35 | 1.906
Odisej | 37.92 | 0.634 | 40.44 | 1.228 | 44.20 | 1.044 | 40.85 | 2.827
Average | 38.39 | 0.812 | 40.01 | 1.168 | 43.40 | 1.322 | 40.60 | 2.383

Achieved statistically significantly higher yields in 2012/13 were, primarily, the
result of heavy rainfalls and their good distribution as well as favorable air temperatures
during the vegetation period (Table 1). Namely, the total rainfall is reflected on the
multiannual average, but the distribution, especially in the critical stages of develop-
2020). Bekic et al. (2016) in his research states that the air temperatures and the rainfall
amount and distribution during the triticale growing season have the greatest impact
on high yields and grain quality. Milovanovic et al. (2012), states that in the domestic
production conditions, higher yields are achieved by varieties with shorter growing
season because they manage to form the largest part of the yield before the advent of
high temperatures. In this study, the triticale was not exposed to extremely high
temperatures so early growth did not come into its own.

Table 2 presents average values for grain test weight across years and varieties.
The average values for test weight significantly varied across years, from 65.71 kg/hl
in 2010/11 to 76.59 kg/hl in 2012/13 (Table 2). During the first year of investigations,
variety Trujumf achieved the highest test weight (67.99 kg/hl). During the 2011/12
and 2012/13, variety Odisej achieved the highest test weight (73.97 kg/hl and 76.69
kg/hl). Average test weight observed in the three-years period was the highest at
Trijumf variety (71.99 kg/hl), while the lowest yield was obtained by Odisej cultivar
(71.37 kg/hl). Generally, the test weight of triticale ranged from 63 to 72 kg/hl, while
in dehulled triticale up to 80 kg/hl (Peki¢ et al., 2014; Kendal et al., 2016; Terzic et al.,
2018; Rajici¢ et al., 2020).

The thousand kernel weight of winter triticale grain was variable, depending on
environmental conditions. Thousand kernel weight in the test period was highest in
2012/13 (43.40 g), but significantly decreased in 2010/11 (38.39 g). Average thousand
kernel weight observed in the three-years period was the highest at Odisej variety
(40.85 g). Previously, many researchers have reported that the 1000-kernel weight
values of triticale genotypes have ranged from 23.9 g to 54.9 g (Peki¢ et al., 2014;
Kendal et al., 2016).

Analysis of variance between observed traits of triticale

The analysis of yield variance, test weight and 1000-kernel weight of tested winter
triticale varieties grown at investigated Valjevo during three growing seasons, are
shown in Table 3.
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Table 3. Analysis of variance of the tested parameters

(ANOVA)
Effect of year on the traits analyzed
. Mean sqr Mean sqr )
Traits Effect Error F(2.27) p-level
Grain yield (t/ha ) 6.2802 0.2245 27.968 0.000
Test weight (kg/hl) 303.9591 5.2248 58.176 0.000
1000-kernel weight (g) 65.3610 1.2570 51.999 0.000
Effect of cultivar on the traits analyzed
. Mean sqr Mean sqr )
Traits Effect Error F (1.28) p-level
Grain yield (t/ha ) 0.3261 0.6535 0.499 0.486
Test weight (kg/hl) 2.9141 26.6455 0.109 0.743
1000-kernel weight (g) 1.9253 5.8119 0.331 0.569
Effect of the year x cultivar interaction
. Mean sqr Mean sqr .
Traits Effect Error F (2.24) p-level
Grain yield (t/ha ) 0.0356 0.2361 0.151 0.861
Test weight (kg/hl) 32.1591 3.0766 10.453 0.001
1000-kernel weight (g) 4.2663 0.9783 4.361 0.024

Based on the analysis of variance, it can be concluded that there are highly signi-
ficant differences in grain yield in regard to the year of investigation (Fex;=27.968™),
while among the investigated triticale varieties the differences were not significant.
Analysis of variance was found highly significant effect of year on the test weight
(Fexp=58.176"") and 1000-kernel weight (Fexy=51.999""). The results of significance
between years and yield of grain are in accordance with the results of other authors
(Pekic et al., 2014 Terzic et al., 2018; Raji¢i¢ et al., 2020). Based on the analysis of
variance, it can be concluded that there are no significant differences in grain yield,
1000-kernel weight and test weight at investigated triticale varieties were found rela-
tive to the cultivar of investigation (Table 3). The interaction of the investigated factors
(Y x G) exhibits are no significant affect in grain yield (p>0.05), but significant affect
in 1000-kernel weight and highly significant in test weight. The present results confirm
the opinion of many authors that the traits analyzed are genetically determined but are
strongly modified by the environment and weather conditions (Jelic et al., 2015; Pekic¢
et al., 2016; Terzic et al., 2018; Rajicic¢ et al., 2020).

Correlations between the analysed traits

The correlations of yield, test weight and 1000-kernel weight of tested winter
triticale varieties during three growing seasons, are shown in Table 4.
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Table 4. Correlations between the traits analyzed

Correlations between the traits analyzed in 2010/11
Traits Grain yield Test weight 1\;?/(@)%}1;6?;1
Grain yield (t/ha ) 1.00 0.19 0.01
Test weight (kg/hl) 1.00 0.39
1000-kernel weight (g) 1.00
Correlations between the traits analyzed in 2011/12
Grain yield (t/ha ) 1.00 —-0.28 —0.07
Test weight (kg/hl) 1.00 0.25
1000-kernel weight (g) 1.00
Correlations between the traits analyzed in 2012/13
Grain yield (t/ha ) 1.00 -0.21 0.02
Test weight (kg/hl) 1.00 0.35
1000-kernel weight (g) 1.00

Positive correlation coefficients, in 2010/11, were found between yield and test
weight (0.19) and 1000-kernel weight (0.01) and were found between test weight
and 1000-kernel weight (0.39), (Table 4). During the second year of investigation
(2011/12), grain yield was negative but not significantly correlated with and test weight
(—0.28) and 1000-kernel weight (—0.07). Test weight was positively correlated with
1000-kernel weight (0.14) in 2011/12. Positive correlation coefficients, in 2012/13,
were found between yield and 1000-kernel weight (0.02) and between test weight and
1000-kernel weight (0.35). Insignificant negative dependencies were found between
yield and test weight (—0.21), as shown in Table 4. Recorded significant correlations
between analysed traits are in agreement with investigations of other authors (Pekié¢
et al., 2014; Terzic et al., 2018; Rajici¢ et al., 2020).

CONCLUSIONS

Based on obtained results during the three-year investigation on two winter triticale
varieties, it can be concluded that the largest three-year average and the best adapta-
bility in the continental climate of Western Serbia at grain yield and test weight
expressed the variety Trujumf.

The highly significant influence of the year on grain yields, test weight and 1000-
kernel weight was established at investigated winter triticale varieties by variance
analysis, while genotype influence on grain yields, test weight and 1000-kernel weight
was not statistically significant.
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GENETSKI POTENCIJAL OZIMOG TRITIKALEA KAO
ZDRAVSTVENO BEZBEDNE HRANE

Sazetak

Ciljevi ove studije bili su istraziti: (1) uticaje sorte, zivotne sredine i njihove interakcije na
prinos zrna, hektolitarsku masu i masu 1000 zrna kod ozimog tritikalea i (2) povezanost tih
osobina u razli¢itim vegetacionim sezonama. Na osnovu dobijenih rezultata, tokom trogodi$njeg
istrazivanja dve sorte tritikalea, moze se zakljuciti da je prinos zrna tokom godina znacajno
varirao od 4.251 t/ha u 2010/11 do 5.791 t/ha u 2012/13. Analizom varijanse ustanovljen je
izuzetno zna¢ajan uticaj godine na prinos zrna, masu 1000 zrna i hektolitarsku masu. Stavise,
hektolitarska masa bila je vrlo znacajna i znacajna za masu 1000 zrna kod interakcije godina x
sorta.

Uslovi zivotne sredine su imali znacajan uticaj na prinos zrna i kvalitet tritikalea. Prinos
zrna pokazuje tendenciju rasta u godinama koje imaju vecu ukupnu koli¢inu i bolju raspodelu
padavina tokom kriti¢nih faza razvoja biljaka.

Kljucne rije€i: sorta, prinos, kvalitet, produktivnost, tritikale
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