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ABSTRACT

Rye (Secale cereale L.) has a high tolerance to cold, drought, diseases and pests. Besides, rye improves soil
structure, builds organic matter and helps protect again water and wind erosion. The aim of this study was to
determine the grain yield and quality of rye as feed in Central Anatolian conditions. For this purpose, nine
landrace and one variety (Ashim-95) of rye and one variety of triticale (Karma-2000) were investigated for grain
yield, crude protein content, acid detergent fiber (ADF), neutral detergent fiber (NDF), potassium, phosphorus,
calcium, magnesium, total phenolic, total flavonoid, DPPH free radical scavenging activity and condensed tannin
content. Experiments were carried out in Yozgat ecological conditions in 2018-2019 and 2019-2020 growing
seasons in a randomized block design with three replications. There were significant (p<0.01) differences
between genotypes and years in terms of grain yield and all the nutritional quality traits. According to the quality
traits, it was determined that some landraces have better performance than the variety of rye and triticale. As
result, it was determined that the landraces have the potential to be used as a genetic resource in breeding studies

in terms of yield and quality traits for feed type rye.
Keywords: Grain yield, genotypes, nutrition, rye.

INTRODUCTION

The cereals, low-input crops, are important for
extensive small ruminant production at dry agricultural
systems. Winter cereals at the early vegetative stage offer
high nutritive value forage for ruminants while they
provide live weight gains with those of kernels (Coblentz
and Walgenbach, 2010).

Cereal grains commonly used to feed livestock include
oats, corn, wheat, barley, triticale, and rye. They are a
concentrated source of energy, with much of that energy
stored as starch. Besides, cereal grains provide energy,
protein, vitamins, minerals, fiber and secondary
metabolites to the animal diet. These compounds vary
between species and varieties of cereals (Kan, 2015; Duddy
et al., 2022).

Rye is highly tolerant to cold, drought, diseases, and
pests, and it can grow in all kinds of soil (marginal lands)
compared to the other winter cereals. It can use water well
and does not require much maintenance due to its strong
root system. Lutheria et al. (2012) reported that it protects

and improves the soil structure. Rye gives a higher yield
than other grains on unproductive soils that are not suitable
for wheat and barley cultivation (Kumbasaroglu and
Dagdemir, 2010). In addition, rye can easily grow in
marginal areas as its water demand is low and its adaptation
limits are wide. Although cereal grains have many
structural similarities, they can differ in the relative
proportion of their chemical composition. In addition, yield
and quality characteristics may vary due to ecological and
regional differences between species and varieties. For this
reasons, the objective of the current study was to determine
the yield and quality traits of different rye genotypes at
Yozgat ecological conditions in the 2018-2019 and 2019-
2020 growing seasons.

MATERIALS AND METHODS
Plant material

In this study, 10 rye genotypes (consisting of ‘Aslim-
95 variety and nine Turkish origin landrace) and one
triticale variety (Karma-2000) were used as plant material
(Table 1).
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Table 1. Origins of the rye genotypes used in the study

Plant material

Origin

Akdag-1
Akdag-2
Bayburt
Cekerek
Kadisehri
Sorgun-1
Sorgun-2
Yozgat-1
Yozgat-2
Aslim-95
Karma-2000

Eynelli village/Akdagmadeni district/Yozgat
Uckaraagac village/Akdagmadeni district/Yozgat
University of Bozok, Faculty of Agriculture
Cemaloglu village/Cekerek district/Yozgat
Ovacik Village/Kadisehri district/'Yozgat
Gulsehri town/Sorgun district/Yozgat
Arapli town/ Sorgun district/Yozgat
University of Bozok, Faculty of Agriculture
University of Bozok, Faculty of Agriculture

Variety of rye
Variety of triticale

Experimental design

The experiment was conducted during the 2018-2019
and 2019-2020 winter growing seasons at the Osmaniye
village, Sorgun district of Yozgat province-Turkey. Table
2 shows the meteorological data of the experiment area

during the growing season (September — June), including
monthly average temperature, monthly sum of precipitation
and average moisture. The total precipitation was 344.9
mm at the long-term, and it was 393.6 mm in 2018-2019
and 365.8 mm in 2019-2020 seasons (Table 2).

Table 2. Meteorological data of experiment area in the long term and studied years*

Temperature (°C)

Precipitation (mm)

Moisture (%)

Months LT* 2018-19 201920 LT** 2018-19 2019-20 LT** 2018-19  2019-20
September  12.3 128 142 229 36.8 7.0 65.9 65.6 58.3
October 5.9 6.8 7.0 29.9 17.0 218 725 70.2 59.6
December 0.7 2.0 2.9 336 81.6 49.2 773 82.6 79.7
January -1.0 -0.8 -0.5 59.5 70.2 25.0 77.5 80.3 75.8
February 28 27 0.9 21.9 30.2 73.6 75.8 73.2 75.0
March 6.0 43 6.3 473 15.2 24.6 71.0 62.0 65.7
April 9.8 8.3 8.5 23.8 26.2 322 66.6 66.6 59.6
May 147 16.0 145 479 22.2 39.0 64.2 56.7 58.1
June 18.7 20.0 18.1 50.1 79.8 89.6 60.5 63.0 58.5
July 211 195 221 8.0 14.4 3.8 56.8 56.2 52.6
Total 3 - 3 3449 3936 365.8 3

Average 8.96 9.16 9.40 ) ; 68.81  67.64 65.29

*: Turkish State Meterogical Service, **: Long-term

The study was carried out in two different fields and the
soil properties of the experiment fields taken from 30 cm
depth were loam type with pH of 8.14-7.98 and 7.12-
18.51% CaCOs, 88.9-105.4 kg ha phosphorus, and 3.49-
2.45% organic matter. Experiment was conducted
according to Randomized Complete Block Design with
three replications. The plots were formed in 18 rows with a
length of 8 m and a row spacing of 13 cm. The 240 kg seeds
were used per hectare. The 240 kg ha' DAP (18-46%) was
applied as basal fertilizer and then the 120 kg ha urea
fertilizer (46% N) was applied as a top fertilizer. In the
2018/2019 vegetation season, the harvest was done on 13
July, and in the second year (2019/20) on 25 July, in the
optimal time. After harvest, the grain was blended and
prepared for chemical analysis.

Chemical analyses

The crude protein ratio (CP), acid detergent fiber
(ADF), neutral detergent fiber (NDF), potassium (K),
phosphorus (P), calcium (C) and magnesium (Mg) content
of grain samples were determined by using Near

Reflectance Spectroscopy (NIRS, ‘Foss 6500°) with
software package program ‘IC-0904FE’.

The total phenolic content (TP) of samples was
determined according the modified method described by
Singleton et al. (1999). Samples (200 uL) were mixed with
200 pL of the Folin-Ciocalteu reagent and 200 pL of
sodium carbonate (Na,COs) solution. Then, samples are
incubated in the dark, for 120 min at room temperature. The
absorbance of extracts were read at 760 nm with a Peak
Instruments (E-1000V-USA) of spectrophotometer. The
total phenolic contents were expressed as mg equivalents
of gallic acid (GAE) g dry weight (DW) according to the
equation obtained from the standard gallic acid graph and
calculated from the calibration curve (R?= 0.9994).

The total flavonoid content (TF) was carried out
following the method described by Arvouet-Grand et al.
(1994) with some modifications. Each sample (200 pL)
was mixed with 100 pL of aluminum nitrate (10%) and 100
pL of potassium acetate (1 M). The total volume of the
solution was adjusted to 5mL with ethanol. The absorbance
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was read at a Peak Instruments (E-1000V-USA) of
spectrophotometer value of 417 nm after 40 min incubation
at room temperature in dark conditions. Total flavonoid
content was expressed as mg equivalents of quercetin (QE)
g! DW according to the equation obtained from the
standard quercetin graph and calculated from the
calibration curve (R?= 0.9994).

The measurement of the DPPH radical scavenging
activity was performed according to methodology
described by Gezer et al. (2006). 4 mg DPPH was added to
100 mL of the solvent (methanol/ethanol) to prepare the
concentration. The extracts dissolved in methanol and
ethanol was used. The 8 mg mL™ extract solutions were
prepared as the main stock, and the dilutions were obtained
at different concentrations (100, 200, 400, 600, 800, and
1000 pg mL?) from this stock. 200 pL of extract solutions
in different concentrations were added into 3.2 mL of
DPPH solution. The solvent amounts in each test tube were
set to be 200 uL of ethanol and 3.2 mL methanol. The
absorbance at 517 nm was recorded after 30 min of
incubation at room temperature in dark using Peak
Instruments (E-1000V-USA) of spectrophotometer.

The condensed tannin analysis was identified according
to Bate-Smith (1975). A 6 ml of tannin solution was added
to 0.01 g of ground sample then placed in a tube and mixed
on a vortex. The tubes were tightly capped and kept at
100°C for 1 hour, and the samples were allowed to cool.
Then, they were read at a spectrophotometer at the
absorbance value of 550 nm. Condensed tannins (CT) were
calculated by the following formula: Absorbance (550 nm
x 156.5 x dilution factor) / Dry weight (%).

Statistical analyses

Analysis of variance (ANOVA) was performed by
using SPSS 22.0 package program and Multiple
comparisons were performed using the LSD test at the 0.05
probability level according to Steel and Torrie (1980).

RESULTS AND DISCUSSIONS

Grain yield and crude protein ratio of rye genotypes and
triticale were given in Table 3. There were significant
(p<0.01) differences between investigated genotypes and
years in terms of grain yield and crude protein ratio (Table
3).

Table 3. Total grain yield and crude protein content of genotypes

Grain yield (t ha?)

Crude protein ratio (%)

Genotypes

2019-20** 2020-21** Mean** 2019-20** 2020-21** Mean**
Akdag-1 2.26b 2.03b 2.15¢ 13.73 bc 13.54 abc 13.64 bc
Akdag-2 1.95cd 1.84 cde 190¢e 1357 ¢ 13.33 de 13.45 de
Bayburt 171e 1.77 de 174 f 13.29 de 13.21e 13.25fg
Cekerek 2.07¢c 1.87 cd 1.97 de 13.78 ab 13.63 ab 13.71 ab
Kadisehri 2.04 ¢ 1.89¢c 1.97 de 13.72 bc 13.46 bcd 13.59 bc
Sorgun-1 2.36 b 214 a 2.25hb 13.68 bc 1344 cd 13.56 cd
Sorgun-2 2.74 a 2.16 a 245a 13.63 bc 13.40cd 13.52 cd
Yozgat-1 1.82 de 1.75e 1.79f 13.20 e 13.20 e 13.20 ¢
Yozgat-2 1.73e 1.76 de 1.75f 13.40d 13.31de 13.36 ef
Aslim-95 1.97cd 2.03b 2.00d 12.87f 13.67a 13.27 fg
Karma-2000 1.44 f 1.37f 1409 13.94 a 13.69 a 13.82a
Mean 2.01 A** 1.87 B** 13.53 A** 13.44 B**
LSD 15.43 10.09 8.932 0.178 0.194 0.127

**Significant differences at p< 0.01; Aslim-95: Variety of rye; Karma-2000: Variety of triticale.

The highest grain yield was determined in Sorgun-2
landrace of rye (2.74, 2.16, and 2.45 t ha'*) while the lowest
was in triticale (1.44, 1.37 and 1.40 t ha'l). These results
show that rye landraces positively respond to Yozgat
ecological conditions in terms of grain yield. On the other
hand, grain yield was significantly affected by the year and
was higher in the first year, which can be caused by higher
sum of precipitation in the first year. Kabak and Akcura
(2017) found that the grain yield of different rye genotypes
was ranged from 0.93 t ha'to 3.41 t ha'l.

Kun (1996) reported that the protein ratio of triticale can
be higher compared to other cool season cereals.
Accordingly, the highest crude protein was determined in
triticale (13.82%) and landrace of Cekerek (13.71%) in
average for both vegetation seasons. Variety Aslim-95 had
the lower protein content in relation to protein content
measured in landraces in terms of protein ratio. This

indicates that the landraces are promising in terms of crude
protein content. Bagci et al. (2019) founded that the crude
protein content of different rye grains was ranged from
9.52% to 13.25%. Previous studies indicated that the crude
protein content of rye and ftriticale ranged between 9.2-
14.0% and 12.3-14.8%, respectively (Mut and Erbas Kose,
2018; Linina et al., 2019). Differences can be due to several
factors such as cereal type, climatic conditions, location
and structure of grains.

The ADF and NDF ratios of the genotypes were given
in Table 4. Accordingly, the effect of genotypes on ADF
and NDF ratio was significant (p<0.01) on average for both
seasons and in each vegetation season. ADF and NDF
values determine the digestibility of feed (Raffrenato et al.,
2017; Mut et al., 2022). The ADF is the digestibility of the
feed and the energy intake of the animal, while the NDF is
the features that directly affect the feed intake of the animal
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(Erbas Kose and Mut, 2019). The higher ADF and NDF
values reduce the digestibility and energy value of feed. On
average for both vegetation seasons, the lowest ADF and
NDF ratios were found in triticale variety, while the highest
was in rye variety. The average ADF and NDF ratios were

higher in the first year. Korkut et al. (2019) reported the
triticale grains have lower ADF and NDF ratios compared
to the rye grains. Kowieska et al. (2011) founded that the
average ADF and NDF ratio of rye 5.14% and 21.73%,
respectively.

Table 4. ADF and NDF ratio of genotypes
Acid detergent fiber (ADF%) Neutral detergent fiber (NDF%)

Genotypes

2019-20** 2020-21** Mean** 2019-20** 2020-21** Mean**
Akdag-1 4.24 bc 3.86b 4.05 be 26.38 ab 26.14 abc 26.26 ab
Akdag-2 3.94d 3.76b 3.85d 26.37 ab 26.23 abc 26.30 ab
Bayburt 4.27b 3.92h 4.10b 26.17 b 26.05¢ 26.11c
Cekerek 4.14 bc 3.77hb 3.96 bcd 26.46 a 26.27 ab 26.36 a
Kadisehri 3.94d 3.72b 3.83d 26.27 ab 26.10 bc 26.19 bc
Sorgun-1 4.19 bc 3.82b 4.01 be 26.39 ab 26.13 bc 26.26 ab
Sorgun-2 4.03cd 3.82b 3.93cd 26.33 ab 26.17 abc 26.25 abc
Yozgat-1 4.27b 3.95b 4.11b 26.29 ab 26.07c 26.18 bc
Yozgat-2 4.26 b 391b 4.08b 26.29 ab 26.15 abc 26.22 abc
Aslim-95 478 a 4.20a 449 a 26.38 ab 26.33 a 26.36 a
Karma-2000 2.85¢ 2.25¢ 2.55¢ 25.21c 24.50d 24.85d
Mean 4.08 A** 3.73 B** 26.23 A** 26.01 B**
LSD 0.194 0.208 0.138 0.215 0.170 0.133

**Significant differences at p< 0.01; Aslim-95: Variety of rye; Karma-2000: Variety of triticale.

Mineral matter content of grain including potassium (K)
and phosphorus (P) were significantly (P<0.01) different
among treatments and between vyears (Table 5). In
combined years, K and P contents were ranged between
0.953-1.017% and 0.358-0.369%, respectively. On average
of two years, the K and P contents were determined the
highest (1.017 % and 0.369%, respectively) in variety of
rye (Aslim-95). The lowest content of K was detected in
triticale (0.941%). In terms of P, the lowest value (0.358%)
was determined in the rye landrace of Yozgat-1, but it was
also observed that some rye landraces (Akdag-1, Cekerek

and Sorgun-1) were superior to triticale. According to the
needs of cattle, the K content of the feeds should be
between 0.6-0.8%, and the P content should between 0.18-
0.39% (Yozgatli, 2017). In this context, the K and P
contents of the examined genotypes exceed the desired
values. (Table 5). Stepien et al. (2016) founded that the K
and P content of rye grains were ranged between 0.385-
0.495% and 0.328-0.386%, respectively while Biel et al.
(2020) founded that average K and P content of triticale
0.470% and 0.385%, respectively.

Table 5. The potassium and phosphorus contents of genotypes

Genotypes Potassium (K%o) Phosphorus (P%0)

2019-20** 2020-21** Mean** 2019-20** 2020-21** Mean**
Akdag-1 0.999 ab 0.962 cd 0.981cd 0.369 ab 0.364 bc 0.366 ab
Akdag-2 0.974c 0.953d 0.963 ¢ 0.361cd 0.357 ¢ 0.359 de
Bayburt 0.962 cd 0.952d 0.957 e 0.361 cd 0.358 cde 0.360 de
Cekerek 1.007 a 0.983 b 0.995 b 0.369 ab 0.365 b 0.367 ab
Kadisehri 0.992 b 0.957 cd 0.974d 0.365 abc 0.359 cde 0.362 cd
Sorgun-1 1.008 a 0.969 bcd 0.989 bc 0.370a 0.362 b-e 0.366 ab
Sorgun-2 0.996 ab 0.972 bc 0.984 cd 0.366 abc 0.362 b-e 0.364 bc
Yozgat-1 0.954d 0.953d 0.953 e 0.358d 0.358 de 0.358 e
Yozgat-2 0.992 b 0.967 bcd 0.980 cd 0.362 cd 0.361 b-e 0.362 cd
Aslim-95 0.998 ab 1.036 a 1.017 a 0.364 bc 0.375a 0.369 a
Karma-2000 0.958d 0.924 e 0.941f 0.365 bc 0.363 bcd 0.364 bc
Mean 0.986 A** 0.966 B** 0.365 A* 0.362 B*
LSD 0.017 0.017 0.011 0.005 0.017 0.003

*Significant differences at p< 0.05; **Significant differences at p< 0.01; Aslim-95: Variety of rye; Karma-2000: Variety of triticale.

The significant effect of genotype (p<0.01) and year contents ranged between 0.022-0.032% and 0.130-0.138%,
(p<0.05) was noted for calcium (Ca) and magnesium (Mg) and determined higher in rye genotypes than in triticale.
contents of the grain. In combined years, the Ca and Mg  Stepien et al. (2016) reported that Ca and Mg contents were
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ranged between 0.052-0.059% and 0.089-0.097%,
respectively. Differences can be due to several factors such

as cereal type, climatic conditions, cultural applications,
location and structure of grains.

Table 6. The calcium and magnesium contents of genotypes

Calcium (Ca%o)

Magnesium (Mg%b)

Genotypes

2019-20** 2020-21** Mean** 2019-20** 2020-21** Mean**
Akdag-1 0.026 hc 0.027 abc 0.027 cde 0.140a 0.135 he 0.137 ab
Akdag-2 0.029 b 0.026 bced 0.028 bed 0.137 bed 0.134 cd 0.135cd
Bayburt 0.030 b 0.027 abc 0.028 hc 0.136 cde 0.132d 0.134d
Cekerek 0.026 bc 0.023 de 0.025e 0.140 a 0.137 b 0.138 a
Kadisehri 0.028 bc 0.025 cde 0.026 cde 0.139 ab 0.134 cd 0.137 bc
Sorgun-1 0.022d 0.022¢ 0.022 f 0.140a 0.135hbc 0.137 ab
Sorgun-2 0.025 cd 0.026 a-d 0.026 de 0.138 abc 0.134 cd 0.136 bc
Yozgat-1 0.037 a 0.027 abc 0.032a 0.136 bed 0.133 cde 0.135 cd
Yozgat-2 0.028 bc 0.028 ab 0.028 bc 0.135de 0.133 cde 0.134d
Aslim-95 0.029b 0.029 a 0.029b 0.134 ef 0.139a 0.137 bc
Karma-2000 0.022d 0.023 de 0.022 f 0.132 f 0.128 ¢ 0.130e
Mean 0.027 A* 0.026 B* 0.137 A* 0.134 B*
LSD 0.005 0.001 0.003 0.05 0.001 0.003

*Significant differences at p< 0.05; **Significant differences at p< 0.01; Aslim-95: Variety of rye; Karma-2000: Variety of triticale.

There were significant (p<0.01) differences between
genotypes and vyears in terms of total phenolic and
flavonoid content (Table 7). In combined years, the total
flavonoid and phenolic contents of some ryes landraces
were higher than both varieties. The total phenolic and
flavonoid contents of genotypes were ranged between,
4.361-5.315 mg GA g* and 0.180-0.223 mg QEg<,
respectively (Table 7). Previous studies showed that
flavonoids and phenolic compounds are very important for
rumen health and animal productivity (Rochfort et al.,
2008; Patra et al., 2016; Lee et al., 2017). In addition to,

they show antioxidant and antimicrobial effects, and have
significant potential to improve animal yield and quality.
(O'Connell and Fox, 2001; Robbins, 2003; Santos Neto et
al., 2009; Frozza et al., 2013). Seradj et al. (2014) and Paula
et al. (2016) reported that the positive effect of flavonoids
and phenolic compounds on the productivity and health of
animals. Besides they have rumen fermentation, and
control nutritional stress such as bloat and acidosis. Zilic et
al. (2011) reported that the total phenolic and flavonoids
contents of rye grain were ranged between 1.88-2.15 mg
GAE g'and 0.027-0.031 mg QE g%, respectively.

Table 7. Total phenolic and flavonoid contents of genotypes

Total phenolic (mg GA g 1)

Total flavonoid (mg QEg™)

Genotypes 2019-20%* 2020-21%* Mean™  2019-20** 2020-21%* Mean**
Akdag-1 5.070d 4.247 ¢ 4.659 cd 0.259 a 0.187 abc 0.223 a
Akdag-2 5.016 e 4.570 bc 4,793 cd 0.214b 0.185 bc 0.200 a
Bayburt 4,920 f 5173 a 5.047 b 0.199 be 0.189 ab 0.194 b
Cekerek 5.571c¢ 4.509 bc 5.040 b 0.203 b 0.184 bc 0.194 bc
Kadisehri 6.110 a 4.520 bc 5.315a 0.195 bc 0.193 ab 0.194 bc
Sorgun-1 4.341 k 4.381 bc 4.361e 0.192 be 0.199 a 0.196 bc
Sorgun-2 4,584 | 5.082 a 4833 ¢ 0.185 bc 0.174 c 0.180 ¢
Yozgat-1 5.917b 4.697 b 5.307 a 0.202 b 0.192 ab 0.197b
Yozgat-2 4.438 j 5.248 a 4.843¢c 0.204 b 0.192 ab 0.198 b
Aslim-95 4.866 g 5.342 a 5.104 b 0.172¢c 0.189 ab 0.181c
Karma-2000 4,732 h 4,509 hc 4.620 d 0.195 bc 0.187 abc 0.191 bc
Mean 5.051 A** 4.753 B** 0.202 A** 0.188 B**

LSD 0.017 0.377 0.180 0.017 0.017 0.003

**Significant differences at p< 0.01; Aslim-95: Variety of rye; Karma-2000: Variety of triticale

There were significant (p<0.01) differences between
genotypes and years in terms of DPPH free radical
scavenging activity and condensed tannins contents (Table
8). DPPH is one of the most important methods for
evaluating the antioxidant properties plants, and they have
very important effects on the prevention of animal diseases.

Recently, research has also focused on supra-nutritional
dietary supplementation of antioxidants in the diet to
improve animal performance during environmental stress
(Rooke et al., 2004). Lykkesfeldt and Svendsen (2014)
indicated that there is a well-defined correlation between
the onset of some diseases and a reduction in the
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antioxidant status in livestock. In the current study, the
highest DPPH content was determined in landraces of
Sorgun-1 and 2 (17.431% and 17.432% respectively). The
average DPPH content first year (17.049%) was higher than
a second year (15.029%) in the present study. Chua et al.
(2015) reported that the DPPH antioxidant activity was
negatively correlated with the temperature. As seen in the
climate data, the average temperature in the first year was
lower than the second year (Table 2). For this reason, the
difference in DPPH may be related to the temperature of
the years. Lascano and Cardenas (2010) reported that %4 of
the methane gas released into the atmosphere is produced
in the digestive system of ruminants. Condensed tannins are
inhibited some hydrogen-producing protozoans and
methane-producing organisms that use hydrogen directly in
the rumen and reduce greenhouse gas emissions (Martin et
al., 2016). Besides, the condensed tannins show an

anthelmintic effect, reduce animal internal parasites and
increase productivity in the animals (Luscher et al., 2016).
Huang et al. (2018) indicated that plants with low tannin
content have a beneficial effect as they reduce protein
degradation in the rumen, while Teferedegne (2007) and
O’Donovan (2001) stated that high amounts of condensed
tannin negatively affect protein digestion and microbial and
enzyme activities. Onal Asci and Acar (2018) indicated that
the feeds with low condensed tannin led to increase in
protein content of milk. Accordingly, the condensed tannin
content of plants is required to be 2-3% or less. In the
present study, the condensed tannin content ranged
between 0.156-0.264% in the combined years and below
the critical level (Table 3). In previous researches, the
condensed tannin content of different forage crops ranged
from 0.21% to 0.45% (Bal et al., 2006; Kokten et al., 2017;
Yildiz et al., 2021).

Table 8. DPPH and condensed tannins contents of genotypes

DPPH free radical scavenging activity (%)

Condensed tannin (%)

Genotypes 2019-20%* 2020-21%* Mean** 2019-20%*  2020-21** _ Mean**
Akdag-1 16.475 ¢ 14.450 h 15.463 d 0.178 cd 0.183d 0.181 cd
Akdag-2 18.010 b 15.189 d 16.599 bc 0.190 be 0174de  0.182cd
Bayburt 18.391 b 14.942 16.667 bc 0.146 de 0.158 de 0.152 e
Cekerek 15.845 ¢ 14.039 k 14.942 ¢ 0.164 cde 0.168de  0.166 de
Kadisehri 14.039d 15.886 ¢ 14.963 e 0.284 a 0.176 de 0.230b
Sorgun-1 18.689 ab 16.174 b 17.431a 0.149 de 0.248 ¢ 0.199 ¢
Sorgun-2 18.115b 16.749 a 17432 a 0.219 b 0150ef  0.185cd
Yozgat-1 19.376 a 14.304 | 16.840 b 0.187 bed 0.126 g 0.156 e
Yozgat-2 16.092 ¢ 14.942 ¢ 15517 d 0.184 bed 0.130 fg 0.157
Aslim-95 14.368 d 14121 14.244 0.134¢e 0.326 b 0.230b
Karma-2000 18.144 b 14.524 g 16.334 ¢ 0.151 cde 0.377 a 0.264 a
Mean 17.049 A** 15.029 B** 0.180 B** _ 0.201 A**

LSD 0.855 0.053 0.017 0.001 0.003

**Significant differences at p< 0.01; Aslim-95: Variety of rye; Karma-2000: Variety of triticale

CONCLUSION

According to the two years results; it was determined
that the landraces have the potential to be used as a genetic
resource in breeding programs for improving the yield and
quality of rye as feed. Besides, the differences were also
significant among the rye genotypes.

Accordingly,

- Landrace of Sorgun-1shined out in terms of grain
yield.

- A variety of Triticale shined out in terms of crude
protein ratio

- The variety of Aslim with landraces of Cekerek,
Akdag-1, and Sorgun-1 shined out in terms of mineral
contents

- Landraces of Kadisehri, Yozgat-1, Yozgat-2, Bayburt,
Sorgun-1, Sorgun-2 shined out in terms of secondary
metabolites.

As a result, it was seen that especially landraces of
Sorgun 1 and Sorgun 2 shined out in terms of the examined
characteristics.
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