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Abstract

The present study was conducted to determine the effect of variety, organic fertilizer and predecessor on protein, lysine
and methionine contents, and their variation in triticale grains under biological cultivation. During the 2014-2017
period, a three factors experiment was managed on field certified for organic farming in Field Crops Institute -
Chirpan, Bulgaria. Three varieties, three doses of organic fertilizer and two predecessors (sunflower and durum wheat)
were tested. Based on the data obtained, it was found that the variety has a significant influence on the parameters
studied. The highest significant values of the chemical parameters were observed when applying organic fertilizer at a
dose of 1,750.0 kg/ha. After a predecessor of durum wheat, the value of lysine was higher and statistically significant
compared to predecessor of sunflower. Similar coefficients of variation of the studied parameters were found, which not
depended of a variety, a predecessor and an applied organic fertilizer, varying between 4.38% and 5.35% for protein,
4.1% and 5.33% for lysine and 4.31% and 5.22% for methionine.
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INTRODUCTION the period 1990-2002 and have found that the
protein and lysine levels in triticale grains are
The quality of the grain is determined by the  higher than those in maize and wheat. Recent
content of organic compounds, minerals, studies have showed that the protein content of
vitamins, antioxidants and more. The protein is triticale grains is close to wheat protein (11.4-
one of the most important chemical component 14.0%) but has a higher amount of lysine (0.33-
of the grain, which largely determines its 0.71%) (Frat et al., 2016). According to
nutritional value as a food crop and feed. In  Glamoclija et al. (2018), the average total
cereals, the content of lysine as a proteinogenic ~ protein content of triticale grains varies from
essential amino acid largely determines the 10.2% to 15.6% of the dry matter. These
biological value of proteins. Triticale has a high ~ protein and lysine advantages are major factors
nutritional  value, contains considerable for the development of triticale as a commercial
quantity of protein, fiber, vitamins and minerals crop (Gebre-Mariam and Larter, 1979) and
(Kruma et al., 2018) and is rich in essential  determine its use primarily as a source of feed.
amino acids (Fernandes-Figares et al., 2000). According to Glamoclija et al. (2018), the
The most important nutritional characteristics direction for triticale use depends from the
of triticale grains are starch, as well as the  characteristics of the variety, namely higher
quantity and quality of the protein (Edel Leon  protein varieties can be use as concentrated
et al., 2008). feed for poultry, ruminants and non-ruminants,
The interest in triticale as a source of feed is and varieties with high biomass can be use for
determine by a higher protein concentration  grazing, silage or hay.
and a better amino acid balance than other The protein quality is determined by the
forage crops (Myer et al., 2004). On the other = proportions of essential amino acids, which
hand, the triticale has low gluten content, cannot be synthesized by animals and humans
effective viscoelasticity and the prepared bread  and must be provided through a diet. The lysine
has low quality compared to wheat bread  and methionine (sulfur-containing amino acid)
(Doxastakis et al., 2002). Myer et al. (2004) are the first two essential amino acids, of great
have summarized data from various authors for ~ importance composing diet for farm animals, as
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they participate in a numbers of biochemical
processes in the animal cell (Bouyeh, 2012). In
this regard, although winter cereal grain is poor
of lysine, it is an optimal source of sulfur
amino acids (Alijosius et al., 2016).

When triticale is used in feed ration, it is more
important to consider lysine content than
protein (Angelova and Angelov, 1981). The
lysine and methionine contents are low in
plants, i.e., their levels are insufficiently to
guarantee optimal growth for animals and
humans (Galili and Amir, 2013). Consequently,
the composing of fodder rations entirely from
organically grown crops is complicated.

The organic farming is gain in popularity as an
alternative to conventional farming systems
(Benaragama, 2016), and should be understood
as highly specialized farming. Along with the
search for technological solutions to increase
productivity for cereals, there is a requirement
for grain quality. The triticale is a suitable crop
for cultivation under biological system due to
its stable yield, tolerance to unfavorable
conditions, resistance to diseases and high
competitiveness against weeds (Kronberga et
al., 2013).

In Bulgaria a detailed investigation about the
chemical qualities of triticale grain prodused
under biological technology was missing so far.
Considering the advantages and importance of
triticale, the present study was conducted to
determine the influence of the variety, organic
fertilizer and predecessors on protein, lysine
and methionine content, and their variation in
the triticale grain under biological breeding
system.

MATERIALS AND METHODS

During the period 2014-2017 experiment was
managed in field certified for organic farming
of Field Crops Institute, Bulgaria (42°11'58"N,
25°19'27"E). The experiment was based on a
block method, with a perpendicular
arrangement of the degrees of the tested factors
in four replicates. The area of the crop plot was
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18 m? with a seed rate of 550 g s/m’. The
following factors and levels were tested: factor
A - variety (Colorit, Boomerang and Respect),
factor B organic fertilizer Lumbrical
(applicated in a rate of 0, 1,400.0 kg/ha and
1,750.0 kg/ha) and factor C - Predecessor
(sunflower and durum wheat). The organic
fertilizer was applied manually before the last
pre-sowing treatment of the soil, after which
the area was cultivated. Lumbrical is a product
of the processing of manure and other organic
wastes from red Californian worms (Lumbricus
rubellus and Eisenia foetida). It is applicated
for organic farming under EU Regulation
889/2008. According to the FAO classification
systems (FAO), the soil of the experimental
field of the Field Crops Institute is Pellic
Vertisols (Vp.). The contents of protein, lysine
and methionine were monitored. The protein
content (g/kg DM) was determined as the total
nitrogen content by the Kjeldahl method in
duplicate (Bremner, 1965), and was calculated
using nitrogen conversion coefficient 6.25. The
contents of lysine and methionine (g/100 g
crude protein) in a protein were determined by
Degussa (2001) regression equations. In order
to establish statistically significant influences
of the studied factors the software BIOSTAT
(Penchev et al., 1989-1991) was applied on the
data from the three years. Statistica 13 was
used to determine the coefficients of variation.
Acording to Table 1, compared to the average
of multi-year period 1928-2013 (2009.7°C), the
sum of temperatures during the harvest years
2014/15 and 2015/16 were higher, respectively
2,264.1°C and 2,530.4°C. In the third year of
the study, the temperature during the growing
season was lower (1,843.5°C) than the 86-year
period. With regard to precipitation 2014/15
was very humid (578.1 mm), 183.2 mm more
than the average for a period 1928-2013. The
total amount of precipitation for 2015/16 (323.4
mm) was lower compared to a multi-year
period (395.0 mm), and for 2016/17 (375.2
mm) was about the climatically average 1928-
2013.



Table 1. Meteorological conditions during triticale vegetation

Period Months z
xt [ xau | 1 | 1 m [ v [ v [ wvI
Temperature sums (X°C)
1928-13 215.9 61.1 -6.2 49.4 188.9 357.9 S11.5 630.7 2,009.7
2014/15 227.2 138.0 74.9 96.0 192.7 340.4 586.0 608.9 2,264.1
2015/16 299.3 115.1 -8.7 233.6 273.5 439.8 498.0 679.8 2,530.4
2016/17 201.7 26.2 -160.7 -46.5 289.2 355.7 513.7 664.2 1,843.5
Rainfall (mm)
1928-13 47.3 54.0 44.3 37.7 37.0 452 64.1 65.4 395.0
2014/15 36.9 142.3 50.3 61.7 134.9 15.1 58.8 78.1 578.1
+ -10.4 +88.3 +6.1 +24.0 +97.9 -30.1 -5.3 +12.7 +183.2
2015/16 50.2 1.3 73.9 28.3 53.1 26.6 75.0 15.0 3234
+ +2.9 -52.7 +29.6 -9.4 +16.1 -18.6 +10.9 -50.4 -71.6
2016/17 47.7 5.9 80.1 23.8 51.3 22.6 59.5 84.3 375.2
+ +0.4 -136.4 +35.8 -13.9 +14.3 -22.6 -4.6 +6.2 -19.8

RESULTS AND DISCUSSIONS

The averages date for the period showed
differences in the values of the studied
parameters, both after the two predecessors and
the varieties (Figure 1). A linear increase of
values depending on the dose of organic

150" 0 kg/ha = 1400 kg/ha  m 1750 kg/ha
e,
E) 140
5 =) =) =) 0
o vy —
% 130 o < o < O
£ = S P
120
Colorit Boomerang Respect
) 0 kg/ha 1400 kg/ha = 1750 kg/ha

Lyzine (g/100g)
W

e
%

Colorit Boomerang Respect

0 kg/ha 1400 kg/ha = 1750 kg/ha

Methionine(g/100)

Colorit

Boomerang Respect

A) predecessor sunflower

fertilizer was observed due to the higher
quantity of macronutrients imported with
organic fertilizer. The content of protein, lysine
and methionine was highest in grain at Colorit
variety after the two predecessor, followed by
Boomerang and Respect varieties.
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Figure 1. Protein, lyzine and methionine content 2014/2017 period

A similar coefficients of variation were found
for the three indicators within two predecessors
(Table 2). After a predecessor of durum wheat
varied between 5.22% and 5.33%, and after
sunflower between 4.71% and 4.96%.

Rodehutscorda et al. (2016) have reported
similar values of the variation coefficients for
triticale. The coefficients found in their study
were 5.23%, 4.66% and 3.30%, respectively for
crude protein, lysine and methionine. The
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higher variation coefficients after durum wheat
are consequence of higher averages values of
crude protein, and subsequently of lysine and
methionine (Tables 4 and 5). The variation
coefficients of the indicators under fertilization
were between 4.81% and 5.07%. The results
obtained show stability of the studied indicators

for all varieties under different agroecological
conditions during 2014-2017 period. Base on
the date from three years, the analysis of
variance showed no significant influence of the
interaction between the studied factors on the
content of lysine, protein and methionine
(Table 3).

Table 2. Crude protein, lysine and methionine coefficients of variation

Colorit Boomerang Respect Predecessor Predecessor Fertilizer
sunflower durum wheat Lumbrical
Crude protein (g/’kg DM)
Mean 134.9 128.8 126.9 129.5 130.9 131.4
Min 125.2 119.5 118.7 118.7 118.7 120.8
Max 145.6 139.4 136.5 145.6 143.0 145.6
CV% 4.56 4.54 4.38 4.96 5.35 5.07
Error 1.45 1.46 1.31 1.23 1.34 1.11
Lizyne (g/100 g CP)
Mean 3.03 2.89 2.85 291 2.94 2.97
Min 2.82 2.69 2.68 2.68 2.68 2.72
Max 3.25 3.12 3.06 3.25 3.25 3.25
CV% 4.1 433 4.18 4.71 5.33 4.81
Error 0.03 0.02 0.02 0.026 0.029 0.02
Methionine (g/100 g CP)
Mean 1.87 1.79 1.76 1.80 1.82 1.82
Min 1.74 1.66 1.65 1.65 1.65 1.68
Max 2.02 1.93 1.89 2.02 1.98 2.02
CV% 4.5 4.46 431 4.85 5.22 4.96
Error 0.01 0.01 0.01 0.01 0.01 0.015

Table 3. Effect of cultivars, biofertilizing, predecessors and their interaction on protein, lysine and methionine content
of triticale grain

Source of df Protein Lysine Methionine
variation n, MS n, MS n MS
A 2 26.03 309.0" 26.05 0.14™ 25.20 0.05™
B 2 9.90 117.5™ 9.95 0.05™ 10.10 0.02"
C 1 1.15 27.31" 1.22 0.01™ 1.05 0.004 "¢
AxB 4 0.35 2.06™ 0.33 0.0009 ™ 0.31 0.0003 ™
AxC 2 0.84 9.91™ 0.81 0.004 "¢ 0.66 0.004 "¢
BxC 2 0.38 4.53" 0.37 0.002 "¢ 0.36 0.0008 "
AxBxC 4 0.46 2.70™ 0.46 0.001™ 0.34 3.76™
Error 36 60.9 40.17 60.82 0.02 61.99 0.008
A great, significant effect on the three  Alaru et al. (2003) also have found that the

indicators had the variety, respectively 26.03%,
26.05% and 25.20% of the total variance.

protein level in triticale grain to a great extent
dependent of a variety.

Table 4. Protein content (g/kg DM)

A B C
Colorit 134.9 0 kg/ha 127.7 Sunflower 129.5
Boomerang 128.91 1,400.0 kg/ha 130.2" Durum wheat 130.9"
Respect 126.9" 1,750.0 kg/ha 132.8" - -
5% 43 5% 43 5% 3.5
8 1% 5.7 8 1% 5.7 8 1% 47
0.1% 7.6 0.1% 7.6 0.1% 6.2
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Various values of protein in triticale grains
under biological breeding system have been
cited within the scientific literature. Kronberga
(2008) has reported protein content between
10.4 and 13.2%, Straumite et al. (2017) within
9.10 and 11.14 g/100 g”!, and Mikulioniene and
Balezentiene (2009) - 8.2%.

On Table 4 the results of ANOVA are
presented for independently action of the
factors on the protein content in the grain. In
the study was established particularity of the
varieties for indicator studied. Similar results
for the influence of variety have reported by
Gulmezoglu et al. (2010).

The data showed statistically no significant
values, with lower crude protein content for
Boomerang (128.9 g/kg) and Respect (126.9
g/kg) varieties, compared to a control variety
Colorit (134.9 g/kg). These results are higher
than obtained by Wlcek and Zollitsch (2003),
which have establiched a protein value 101.0
g/kg of dry matter under biological system of
triticale growing. The highest crude protein

content was obtained in the grain (132.8 g/kg)
when was applied 1,750.0 kg/ha Lumbrial, and
the difference was statistically confirmed
compared to a control option—Lumbrial 0
kg/ha. The value for Lumbrial 1,400.0 kg/ha
(130.2 g/kg) was not statistically confirmed.
Buhedma et al. (2016) also have reported an
increase in protein content (%) in triticale
grains when applying organic fertilizer, with no
significance statistical values. The control
values of their study ranged within 12.33 and
12.23%, and from test variants were between
12.59 and 12.79%. Although the protein con-
tent in the grain after a predecessor of durum
wheat was 1.4 g/kg higher than after sunflower,
the difference was no significant. Unlike our
research Dimitrova-Doneva (2010) has reported
for significant influence of predecessor on the
crude protein content for triticale grain.

The content of lysine followed the trends of
protein content, regarding the independent
influence of the test factors (Table 5).

Table 5. Lysine content (g/100 g CP)

A B C
Colorit 3.029 0 kg/ha 2.874 Sunflower 2913
Boomerang 2.900 " 1,400.0 kg/ha 2.928" Durum wheat 2.944"
Respect 2.858"™ 1,750.0 kg/ha 2.984" - -
5% 0.009 5% 0.009 5% 0.008
8 1% 0.123 o 1% 0.123 2 1% 0.101
0.1% 0.162 0.1% 0.162 0.1% 0.133

The highest lysine content was obtained for
Colorit variety (3.029 g/100 g CP). Wlcek and
Zollitsch (2003) have reported a similar content
of lysine in the protein in triticale grains
(3.1 g/100 g CP), grown under organic farming
system. The values of lysine for Boomerang
(2.900 g/100 g CP) and Respect (2.858 g/100 g
CP) varieties were lower and statistically no
significant. Concerning the fertilizer factor the
both tested doses of 1,400.0 and 1,750.0 kg/ha
had significant statistical effect on the indicator

increased, the lysine content also increased
—2.92 ¢/100 g CP and 2.984 g/100 g CP.

The content of lysine after a predecessor of
durum wheat was higher compared to value
after predecessor sunflower and statistically
significant.

Concerning the methionine content (Table 6)
the values were no significantly, both in the
tested varieties and after a predecessor of durum
wheat. A significant effect on increasing the
methionine content was observed when applying

studied. When the fertilizer rates were 1,750.0 kg/ha Lumbrial - 1.848 g/100 g CP.
Table 6. Methionine content (g/100 g CP)
A b C
Colorit 1.874 0 kg/ha 1.778 Sunflower 1.803
Boomerang 1.795" 1,400.0 kg/ha 1.811" Durum wheat 1.822™
Respect 1.768"™ 1,750.0 kg/ha 1.848" -
5% 0.059 5% 0.059 5% 0.048
9 1% 0.079 8 1% 0.079 8 1% 0.064
0.1% 0.104 0.1% 0.104 0.1% 0.085
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CONCLUSIONS

The obtained results can be summarized as
follows: The variety has a significant effect
on the protein, lysine and methionine
content; When applying organic fertilizer at
a rate of 1,750.0 kg/ha, the highest and
statistically ~ significant values of the
indicators tested were established; After a
predecessor of durum wheat, the protein,
lysine and methionine content was higher
than after sunflower, but was significant for
lysine; A similar coefficients of variation of
the investigated parameters were found,
which are not dependent of the variety, the

predecessor and the applied organic
fertilizer.
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