
Submitted 3 February 2025
Accepted 30 November 2025
Published 20 January 2026

Corresponding author
Hakan Kır, hakankir@ahievran.edu.tr

Academic editor
Viktor Brygadyrenko

Additional Information and
Declarations can be found on
page 13

DOI 10.7717/peerj.20640

Copyright
2026 Kır

Distributed under
Creative Commons CC-BY 4.0

OPEN ACCESS

The effects of different sowing methods
on the yield and quality of cereal species
in forage production
Hakan Kır
Department of Field Crops, Faculty of Agriculture, Kırşehir Ahi Evran University, Kırşehir, Turkey

ABSTRACT
This research compares the yield and quality of barley (Hordeum vulgare), rye (Secale
cereale), triticale (×Triticosecale Wittmack), and wheat (Triticum aestivum) grown in
dry conditions in winter and widely used in producing quality forage using straight and
perpendicular row sowing methods. The study was conducted during the 2019–2020
and 2020–2021 growing seasons using a randomized complete block design with split
plots and three replications. Cereal species were placed in the main plots, while sowing
methods were assigned to the subplots. Harvesting times were determined according
to the flowering stages of the cereal species. According to the two-year study results,
the highest dry matter yield was obtained from rye with the straight sowing method,
while the lowest yield was obtained from barley using the samemethod. The best results
for crude protein content, digestible dry matter content, and relative feed value were
observed in barley; the lowest acid detergent fiber (ADF) and neutral detergent fiber
(NDF) contents were recorded in rye. When evaluated regarding sowing methods, the
perpendicular rows sowing method was superior to the straight row sowing method
in yield. However, no significant effect of sowing methods on quality was observed.
The perpendicular rows method of triticale is recommended for producing quality and
high-yield forage in arid and semi-arid regions.

Subjects Agricultural Science, Plant Science
Keywords The perpendicular rows, Straight row, Dry matter yield, Crude protein

INTRODUCTION
Cereals are the plant group with the largest cultivation area in the world, including Turkey.
Since ancient times, this prevalence has been associated with the ease of transport, storage,
and sale of cultivated cereals and their products. In addition to the vast diversity of species,
varieties, and ecotypes among their cereals, their high adaptability further enhances their
significance. The distinct differences among barley, wheat, rye, and triticale species and
varieties enable these products to be evaluated based on their intended uses (Çaçan &
Kökten, 2019; Helsel & Thomas, 1987). Because it has a shallow root system, barley is the
cereal crop with the highest climatic and soil requirements among cool-season cereals
(Çeri & Acar, 2019). Since it is resistant to salt and removes a significant amount from the
soil, it is used in crop rotation in areas where irrigated agriculture is carried out. Barley
is a preferred cereal crop for forage, and when harvested during the flowering stage, it
is considered a highly digestible and high-quality feed (Cherney & Marten, 1982). Wheat
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(Triticum aestivum L.), generally grown for grain production, produces more feed than
many spring cereal species. Livestock also prefers it due to its thin stems and high forage
quality (Cash et al., 2007). Rye is a cereal crop with minimal soil and climate requirements.
Rye’s strong root development enables it to utilize water and nutrients in the soil more
efficiently, giving it a competitive advantage over other cool-season crops (Geçit, 2016).
Suitable for sole and mixed cultivation with legumes, this plant provides quality feed
when harvested during its flowering stage. The fact that there is no grain shedding during
this period and that it does not consume too much water and nutrients from the soil
increases its use in regions where water is limited (Geçit, 2016). Triticale, a hybrid of rye
and wheat, is a suitable feed source for all types of livestock due to the low cost of its
grain and vegetative parts. This feature makes triticale an alternative feed source. Triticale’s
superior soil utilization efficiency compared with wheat, barley, and oats, along with
its reduced susceptibility to environmental stresses, has increased demand for the crop
in both sole and mixed cropping systems (Baron, Juskiw & Aljarrah, 2015). The reduced
awn structure of triticale, compared to its ancestor rye, has made it more suitable for
grazing and green fodder production as well as the development of varieties with even
awn structure in recent years. Some researchers suggest that cool-climate cereals can be
utilized as short-term pasture, silage, or hay playing a crucial role in sustainable livestock
businesses by providing forage from winter to spring during the warm seasons when grass
production is limited due to frost (Kim et al., 2017; Maloney, Oplinger & Albrecht, 1999).
The variation in the intraspecific competition power of cereals, the higher tillering rate
of barley compared to rye and oats, and the change in plant density according to the
tillering rate, depending on the species, are essential for the effective use of available areas
by plants. The row spacing of seeds determines the living space of the plants. Kaydan
& Geçit (2005) stated that the seed amount and uniform distribution have a significant
effect on yield. Baloch et al. (2002) stated that when plant density exceeds the optimum
level, intra-species competition for light, water, and nutrients increases, leading to slower
growth and decreased yield. In ecosystems with limited water availability, yield loss can be
more pronounced. Moreover, the appropriate planting method can be used as an essential
agricultural approach to increase yield, especially in cereals, by enhancing tillering capacity
and making more efficient use of available resources (Hussain et al., 2012). The most used
method in agricultural fields, straight-row sowing, is simpler and faster, making it preferred
especially in large areas. On the other hand, perpendicular-row sowing is considered amore
efficient and sustainable approach compared to straight-row sowing (Hussain et al., 2017).
Given these considerations, sowing methods play a critical role in the economic and
agronomic performance of cereal crops. When fuel and labor costs are high and crop
market prices remain low, flat sowing is a more economically viable strategy. In contrast,
under conditions of favorable crop prices, significant weed pressure, and potential yield
gains, cross-sowing can serve as a more profitable alternative. The agronomic effectiveness
of these methods, however, is influenced by site-specific factors such as local climatic
conditions, soil properties, and the cultivated species. Consequently, a comprehensive
evaluation of local conditions is essential for selecting the most appropriate sowing strategy
Furthermore, studies on cereal species have demonstrated that cross-sowing suppresses
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weeds by providing a dense and homogeneous plant cover, thereby reducing herbicide use
and energy costs, while simultaneously enhancing yield and sustainability (Gill & Walia,
2024; Hao et al., 2025; Hussain et al., 2012). Indeed, Dhatwalia et al. (2024) in their study
on wheat where they tested broadcasting, line sowing, and criss-cross methods, found that
the highest biological yield (9,357 kg/ha) was obtained with the criss-cross method. The
researchers emphasized that the criss-cross method yields higher results, highlighting it
as a more profitable approach. A study conducted by Suthar (2006) on wheat found that
perpendicular rows sowing yielded significantly higher yields compared to line sowing,
making it an effective sowing method. According to Kaydan & Geçit (2005), broadcasting
provides the closest living space to the plant by ensuring a homogeneous distribution of
seeds, while line sowing offers the longest rectangular area for the plant. In perpendicular
sowing, the row spacing is 20 cm, similar to line sowing, and half of the seeds are sown in
the line, while the other half is sown in the perpendicular rows (at 45◦ and 90◦). In this case,
the inter-row distances are doubled compared to line sowing, and the yields obtained from
perpendicular sowing are higher than those from line sowing. In the perpendicular sowing
method, the reduction in inter-row spaces significantly decreases weed biomass, which in
turn reduces the nutrient consumption of weeds and increases yield (Frame, 2019; Kaydan
et al., 2011). In a study by Boyd et al. (2009), which investigated the effects of different
sowing methods and sowing rates on weed growth in rye, it was noted that the grid sowing
arrangement did not provide a significant advantage. However, sowing rye at high rates
and early in the season was found to increase dry matter production and reduce weed
growth. It was concluded that while the grid arrangement is essential for weed suppression,
the improvements it offers in rye dry matter production are relatively small. Thus, the grid
sowing method is not advantageous compared to straight-row sowing. The suitability of
both methods may vary depending on agricultural goals and the efficient use of available
resources. In ecosystems with limited rainfall, experimenting with different cropping
systems within the scope of sustainable farming practices is crucial. Such practices aim to
increase the production of high-quality roughage and ensure the efficient use of natural
resources. The province of Kırşehir faces a significant shortage of high-quality roughage,
which limits the development of sustainable livestock production in the region. According
to 2024 data from the Turkish Statistical Institute, the total small cattle population in the
province is 419,000. This figure comprises 326,900 sheep, 23,000 goats, and 68,800 kids
and lambs. Regarding large cattle, the total number stands at 278,000. This population
includes 81,000 cows, 163,000 calves, and 33,000 bulls. In line with these data, the total
animal population of Kırşehir Province has been determined to be 698,000 (Kır, 2024). The
amount of quality roughage required by the current animal population is approximately
1,127 thousand tons. In Kırşehir, a total of roughly 106 thousand tons of quality roughage
is produced from forage crop cultivation. In this case, only approximately 106 thousand
tons of the province’s required roughage meet the demand of 1,127 thousand tons, and
the remaining approximately 1,020 thousand tons cannot be met. According to this data,
the rate of meeting Kırşehir’s quality roughage need is only 9.4%. Therefore, increasing the
production of forage crops in field agriculture will significantly contribute to closing the
roughage deficit in the region (Kır, 2024).
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The provision of high-quality roughage is essential for sustainable livestock production,
particularly in arid and semi-arid ecologies where water resources are scarce. This research
was conducted to investigate the effects of different sowing methods on the yield and
quality of specific cereal species, with the ultimate goal of offering viable solutions to the
forage gap prevalent in comparable areas.

MATERIALS AND METHODS
The research was conducted in arid conditions during the 2019–2020 and 2020–2021
growing seasons at Kırşehir Ahi Evran University Bağbaşı Campus (1,090 m altitude,
39◦08′N and 34◦06′E).

The average temperature during the first (9.7 ◦C) and second (9.9 ◦C) growing seasons
when the research was conducted was above the long-term average temperature (8.6 ◦C).
In terms of relative humidity, the relative humidity rates obtained during both growing
periods (62.4% and 59.2%) were below the long-term average relative humidity (68.3%)
(Table 1). Similarly, the total precipitation recorded in the first growing season (317.4 mm)
and the second growing season (255.2 mm) was below the long-term average of 356.1 mm
(Table 1). Soil samples from the research area, prepared for sowing through soil tillage, were
analyzed at the Kırşehir Ahi Evran University Central Research Laboratory Application
and Research Center. According to the soil analysis results, the soil was classified as loamy
(saturation 45.1), slightly alkaline (pH 8.1), non-saline (0.01), and highly calcareous
(38.21), with a moderate level of available phosphorus (63 kg/ha) and rich in available
potassium (1,485 kg/ha) the organic matter content of the soil was 1%.

In this research, the plant materials chosen were Tarm-92 barley (Hordeum vulgare),
Aslım-95 rye (Secale cereale), and Tatlıcak-97 triticale (×Triticosecale Wittmack), owing
to their high suitability for the arid and semi-arid environments of Central Anatolia.
Furthermore, the local Albostan wheat population (Triticum aestivum) was incorporated
into the study given its specific adaptation to the climatic, edaphic, and agronomic
conditions of the Kırşehir and Nevşehir provinces The experimental field was initially
prepared by plowing to a depth of 15–20 cm to facilitate soil incorporation. Then, the
trial area was cultivated perpendicular to the plowing direction using a cultivator and
subsequently leveled. The soil tillage process was limited to avoid disrupting the soil
structure and preserving the existing moisture. Since the cereal species were harvested
during the flowering period and intended for fodder crop production, no control measures
were required against weeds, diseases, or pests. The sowing methods involved twomethods:
sowing in straight rows and sowing in perpendicular rows, with the rows intersecting at
a 90◦ angle. In the method of sowing in consecutive rows, sowing was carried out in
5-meter-long plots with rows spaced 20 cm apart, resulting in 10 rows per plot. In the
method of sowing in perpendicular rows, both straight and perpendicular rows were
created within the same 5-meter-long plot at 20 cm intervals (Fig. 1). Half of the seeds
allocated for each plot were sown along the straight rows, and the other half along the
perpendicular rows (Kaydan et al., 2011). In both sowing methods, the row spacing was
maintained at 20 cm. The seeding density of cereals was kept at 500 seeds per square meter
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Table 1 Climate data of Kirsehir province.

Months* Precipitation (mm) Relative Humidity (%) Temperature (◦C)

2019–20 2020–21 LTA 2019–20 2020–21 LTA 2019–20 2020–21 LTA

October 1.1 9.1 30.4 52.8 39.8 62.7 16.0 17,1 13.1
November 30.4 20.3 41.6 60.6 64.1 72.4 8.5 6,5 6.3
December 61.9 17.5 47.1 80.8 73.0 79.0 3.9 4,6 2.0
January 42.0 40.8 44.3 71.2 71.0 79.0 1.2 3,5 −0.1
February 60.9 8.6 31.6 73.1 62.2 74.1 2.5 3,4 1.3
March 15.4 95.2 36.7 61.6 65.5 67.2 8.0 4,5 5.6
April 25.3 19.4 42.4 55.2 56.5 63.3 10.8 12,0 10.9
May 42.1 9.2 45.6 56.6 45.3 61.3 15.9 18,2 15.4
June 38.3 35.1 36.4 49.3 55.1 55.5 20.6 19,3 23.3
Av./Total 317.4 255.2 356.1 62.4 59.2 68.3 9.7 9.9 8.6

Notes.
*Turkish State Meteorological Service.
LTA, Long-Term Average (1990–2020).

Figure 1 Sowing certain cereals in straight and perpendicular rows.
Full-size DOI: 10.7717/peerj.20640/fig-1

(Geçit, 2016). The experiment was established on 29 October 2019 in the first year and on
27 October 2020 in the second year.

The research was established using a split-plot design in randomized blocks with three
replications. The cereal species were placed in the main plots, while the sowing methods
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were placed in the subplots. Before sowing, 40 kg/ha of nitrogen (N) and 70 kg/ha of
phosphorus (P2O5) were applied, while 30 kg/ha of nitrogen (N) was applied as a top
fertilizer. The field trials for the research were established in the last week of October in
both years. The harvest times were determined based on the flowering periods of the cereal
species, starting with the earliest flowering species, and were conducted from 27 May to
7 June 2020 in the first year, and from 26 May to 7 July 2021 in the second year. During
the harvesting process, one row from the edges of each plot and 50 cm from the ends
of the plots were excluded as border effects, and the remaining area was harvested using
a sickle (Göçmen & Parlak, 2017). The harvested plants were weighed to determine their
green forage yield, and the necessary conversions were made to calculate the yields per
hectare. 500 g of green forage samples were taken from the biomass harvested in each plot
and dried at 60 ◦C until reaching a constant weight to determine the dry matter yield.
The dry forage yields were then calculated using the obtained values (Sleugh et al., 2000).
Then, the dried samples were ground through a one mm sieve for nutrient analysis. Acid
Detergent Fiber (ADF) analysis is conducted by treating the sample with an acid detergent
solution, which removes cell-soluble and hemicellulose. The residue that remains primarily
consists of cellulose and lignin, components that are more resistant to microbial digestion
in the rumen (Van Soest, Robertson & Lewis, 1991). In Neutral Detergent Fiber (NDF)
analysis, the sample is treated with a neutral detergent solution that solubilizes cellular
constituents, including proteins, sugars, lipids, and pectins. The remaining residue includes
hemicellulose, cellulose, and lignin, which represent the structural components of the plant
cell wall (Van Soest, Robertson & Lewis, 1991). ADF and NDF contents were determined
using the ANKOM200 Fiber Analyzer, following the methodology developed by Van Soest,
Robertson & Lewis (1991) and ANKOM Technology (2024). The nitrogen contents of the
cereal species were determined using the Kjeldahl method, and these values were multiplied
by a factor of 6.25 to obtain the crude protein contents (AOAC, 2005). According to the
equation described by Sheaffer et al. (1995), digestible dry matter (DDM) was calculated as
DDM = 88.9 −(0.779×% ADF (Table 1).

Statistical analysis
The research data were subjected to analysis of variance (ANOVA) using the MSTAT-C
statistical package. Duncan’s multiple range test was used for multiple comparisons, and
the LSD test was applied for pairwise comparisons at p≤ 0.05 (Petersen, 1994).

RESULTS
Dry matter yield differed significantly among cereal species in the first year of the research.
Additionally, the differences among cereal species and sowing methods in the second
year and the combined averages of both years were statistically significant (Table 2).
According to the two-year average results, the dry matter yield was calculated as 5,757.0
kg/ha. The highest hay yield was obtained from rye (7,408.7 kg/ha), followed by lower
yields from barley (4,849.8 kg/ha) and wheat (4,640.3 kg/ha). Regarding sowing methods,
perpendicular sowing (6,082.6 kg/ha) provided a higher dry matter yield than straight-row
sowing (5,431.3 kg/ha) (Table 2). In the results of the second year of the research and
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Table 2 Dry matter yield (kg/ha) of some cereal species under different sowing methods.

Species Sowing method 2019–20 2020–21 Averages

Straight rows 4,155.3 ±48.1 4,475.3 ±315.7c* 4,315.3 ±267.2d**

Perpendicular rows 5,320.7 ±358.5 5,448.0 ±164.2b 5,384.3 ±259.0cBarley

Average 4,738.0 ±677.8C+ 4,961.7 ±578.5C+ 4,849.8 ±612.0C+

Straight rows 4,531.3 ±175.1 4,125.3 ±275.1c 4,328.3 ±303.4d

Perpendicular rows 4,866.0 ±123.5 5,038.3 ±581.7b 4,952.2 ±387.8cWheat

Average 4,698.7 ±227.9C 4,581.8 ±644.7C 4,640.3 ±465.0C

Straight rows 7,715.7 ±1,305.2 7,429.3 ±61.4a 7,572.5 ±841.1a

Perpendicular rows 6,967.7 ±716.2 7,522.0 ±388.8a 7,244.8 ±598.1abRye

Average 7,341.7 ±1,026.9A 7,475.7 ±254.0A 7,408.7 ±716.6A

Straight rows 5,627.0 ±173.7 5,391.3 ±326.8b 5,509.2 ±267.3c

Perpendicular rows 6,397.7 ±546.1 7,100.7 ±134.1a 6,749.2 ±524.0bTriticale

Average 6,012.3 ±556.4B 6,246.0 ±962.3B 6,129.2 ±759.3B

Straight rows 5,507.3 ±1,553.4 5,355.3 ±1,360.0B 5,431.3 ±1,429.9B

Perpendicular rows 5,888.0 ±967.0 6,277.2 ±1,144.9A1 6,082.6 ±1,055.3A1Average

Average 5,697.7 ±1,280.3 5,816.3 ±1,316.5 5,757.0 ±1,286.0

CV 10.13 % 5.13 % 7.98 %

Notes.
**Differences between the averages followed by the same letter are not significant at P < 0.01 level.
*Differences between the averages followed by the same letter are not significant at P < 0.05 level.

+,1,2Differences between the averages followed by the same letter are not significant at P < 0.01 level.

the two-year averages, all cereal species except rye differed statistically between straight
row and perpendicular sowing methods. This interaction between the species and sowing
method was statistically significant (Table 2).

When evaluating both years of research and the combined averages, it was determined
that cereal species and sowing methods caused statistically significant differences in crude
protein contents. According to the data and averages of both years, the highest protein
content was found in barley (140 g/kg, 118 g/kg, 129 g/kg), while the lowest protein content
was obtained from rye (88 g/kg, 92 g/kg, 90 g/kg (Table 3). When the average crude protein
contents of the two years were evaluated, values of 113 g/kg were obtained in straight
sowing and 112 g/kg in perpendicular sowing. The crude protein content in the first year
of the research (120 g/kg was higher than in the second year (104 g/kg rye was in the same
statistical group for both straight and perpendicular sowing in the first year but in different
groups in the second year. This indicates that the species × sowing method interaction
was significant. While wheat and rye species were in different groups in the first year of the
research, their presence in the same groups in the second year and the two-year averages
resulted in a significant year × species interaction. In the first year, straight sowing (123
g/kg) provided a higher crude protein content than perpendicular sowing (117 g/kg) In
contrast, in the second year, perpendicular sowing (106 g/kg) resulted in higher values
than straight sowing (102 g/kg) (Table 3). This reveals that the year × sowing method
interaction was significant. The variations in crude protein contents of rye across different
years and sowingmethods were caused by the year× sowingmethod× species interaction.
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Table 3 Crude protein contents (g/kg) of some cereal species under different sowing methods.

Species Sowing method 2019–20 2020–21 Averages

Straight rows 144 ±4.8a* 118 ±7.7a** 131 ±15.5
Perpendicular rows 135 ±4.3b 118 ±5.3a 127 ±10.6Barley

Average 140 ±6.3A+ 118 ±5.9A** 129 ±12.9A+

Straight rows 121 ±3.6c 105 ±5.6b 113 ±9.8
Perpendicular rows 122 ±3.8c 103 ±2.7bc 112 ±10.7Wheat

Average 122 ±3.3C 104 ±4.1B 113 ±9.8B

Straight rows 89 ±4.0d 88 ±1.9e 89 ±2.9
Perpendicular rows 86 ±2.9d 95 ±4.8d 91 ±6.1Rye

Average 88 ±3.4D 92 ±5.3C 90 ±4.7C

Straight rows 138 ±6.9ab 98 ±5.0cd 118 ±22.5
Perpendicular rows 124 ±1.1c 108 ±1.7b 116 ± 8.7Triticale

Average 131 ±8.8B 103 ±6.5B 117 ±16.3B

Straight rows 123 ±22.9A1 102 ±12.3B1 113 ±20.9
Perpendicular rows 117 ±19.3B 106 ±9.1A 112 ±15.8Average

Average 120 ±20.9A2 104 ±10.8B 112 ±18.3

CV 2.86 % 3.23 % 3.03 %

Notes.
**Differences between the averages followed by the same letter are not significant at P < 0.01 level.
*Differences between the averages followed by the same letter are not significant at P < 0.05 level.

+,1,2Differences between the averages followed by the same letter are not significant at P < 0.01 level.

Regarding ADF and NDF, the differences among cereal species were significant in the
first year, the second year, and the two-year averages of the research. In contrast, the
differences among sowing methods were significant only in the second year of the study
(Tables 4 and 5). According to the two-year average results, ADF was 316 g/kg, while NDF
was 506 g/kg. The lowest ADF ratio (265 g/kg) was obtained from barley, barley (459 g/kg)
and triticale (472 g/kg) formed the statistically lowest group for NDF. Rye had the highest
ADF and NDF ratios, with values of 377 g/kg and 571 g/kg, respectively. In the second
year of the research, the ADF ratio obtained from perpendicular sowing (308 g/kg) was
statistically higher than that obtained from straight sowing (301 g/kg). In the two-year
averages, the ADF ratio was determined to be 313 g/kg,and the NDF ratio was 504 g/kg
in straight sowing, while the ADF ratio was 320 g/kg and the NDF ratio was 509 g/kg in
perpendicular sowing. In the second year of the research, differences in ADF ratios for
wheat and NDF ratios for barley were observed depending on sowing methods, leading
to significant interaction between species and sowing methods. The higher ADF and NDF
ratios obtained in the first year of the research compared to the second year indicated
that the year factor was significant. Regarding ADF ratios, wheat and rye, which were in
the same group in the second year of the research, were placed in different groups in the
two-year averages (Table 4). Regarding NDF ratios, barley and wheat were in the same
group in the first year and placed in different groups in the two-year averages (Table 5).

This demonstrates that the year × species interaction was significant. In the research,
differences among cereal species regarding digestible dry matter (DDM) yield were
statistically significant for the first year, the second year, and the combined averages
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Table 4 Acid detergent fiber (g/kg) of some cereal species under different sowing methods.

Species Sowing method 2019–20 2020–21 Averages

Straight rows 278 ±21.5 237 ±2.7d** 258 ±26.0f**

Perpendicular rows 297 ±20.9 247 ±9.2d 272 ±31.2efBarley

Average 288 ±21.7C+ 242 ±7.8C+ 265 ±28.3D+

Straight rows 328 ±18.9 359 ±3.9a 344 ±21.0bc

Perpendicular rows 330 ±3.3 331 ±1.6b 331 ±2.5cWheat

Average 329 ±12.1B 345 ±15.5A 337 ±15.8B

Straight rows 394 ±17.5 327 ±9.1b 360 ±39.0b

Perpendicular rows 418 ±8.8 368 ±5.0a 393 ±28.1aRye

Average 406 ±18.1A 348 ±23.7A 377 ±36.7A

Straight rows 302 ±2.4 280 ±6.7c 291 ±13.0d

Perpendicular rows 281 ±9.5 285 ±4.0c 283 ±6.8deTriticale

Average 292 ±13.2C 282 ±5.5B 287 ±10.8C

Straight rows 326 ±47.6 301 ±48.5B 313 ±48.6
Perpendicular rows 331 ±56.4 308 ±48.4A1 320 ±52.8Average

Average 329 ±51.1A2 304 ±47.5B 316 ±50.3

CV 5.70 % 1.81 % 4.36 %

Notes.
**Differences between the averages followed by the same letter are not significant at P < 0.01 level.

+,1,2Differences between the averages followed by the same letter are not significant at P < 0.01 level.

Table 5 Neutral detergent fiber (g/kg) of some cereal species under different sowing methods.

Species Sowing method 2019–20 2020–21 Averages

Straight rows 496 ±53.6 432 ±3.4d* 464 ±48.4
Perpendicular rows 499 ±14.6 408 ±1.8e 454 ±50.8Barley

Average 498 ±35.2B+ 420 ±13.3D+ 459 ±47.6C+

Straight rows 503 ±21.0 534 ±6.3a 519 ±21.8
Perpendicular rows 522 ±15.5 532 ±2.3a 527 ±11.5Wheat

Average 513 ±19.4B 533 ±4.3A 523 ±17.2B

Straight rows 624 ±17.2 503 ±8.3b 564 ±67.3
Perpendicular rows 647 ±10.7 511 ±11.2b 579 ±74.9Rye

Average 636 ±18.0A 507 ±9.9B 571 ±68.4A

Straight rows 481 ±3.4 459 ±5.8c 470 ±12.9
Perpendicular rows 486 ±13.7 462 ±4.3c 474 ±15.7Triticale

Average 484 ±9.2B 461 ±4.8C 472 ±13.9C

Straight rows 526 ±65.0 482 ±41.3 504 ±57.8
Perpendicular rows 539 ±67.9 479 ±50.2 509 ±65.9Average

Average 532 ±65.3A1 480 ±45.0B 506 ±61.4

CV 4.97 % 1.50 % 3.83 %

Notes.
*Differences between the averages followed by the same letter are not significant at P < 0.05 level.

+,1Differences between the averages followed by the same letter are not significant at P < 0.01 level.

of the two years (Table 6). The differences between sowing methods were significant only
in the second year. The two-year average results show that the mean DDM ratio was 643
g/kg. Within the cereal species, the highest DDM ratio was obtained from barley at 683
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Table 6 Digestible dry matter ratio (g/kg) of some cereal species under different sowing methods.

Species Sowing method 2019–20 2020–21 Averages

Straight rows 673 ±16.8 704 ±2.1a** 688 ±20.2a**

Perpendicular rows 658 ±16.3 697 ±7.2a 677 ±24.3abBarley

Average 665 ±16.9A+ 701 ±6.1A+ 683 ±22.1A+

Straight rows 634 ±14.7 609 ±3.0d 621 ±16.3de

Perpendicular rows 632 ±2.6 631 ±1.2c 632 ±2.0dWheat

Average 633 ±9.5B 620 ±12.0C 627 ±12.3C

Straight rows 582 ±13.6 634 ±7.1c 608 ±30.4e

Perpendicular rows 563 ±6.9 602 ±3.9d 583 ±21.9fRye

Average 573 ±14.1C 618 ±18.4C 596 ±28.6D

Straight rows 654 ±1.9 671 ±5.2b 662 ±10.1c

Perpendicular rows 670 ±7.4 667 ±3.1b 669 ±5.3bcTriticale

Average 661 ±10.3A 669 ±4.3B 666 ±8.4B

Straight rows 636 ±37.1 655 ±37.8A1 645 ±37.9
Perpendicular rows 631 ±43.9 649 ±37.7B 640 ±41.1Average

Average 633 ±39.8B2 652 ±37.0A 643 ±39.2

CV 2.43 % 0.64 % 1.70 %

Notes.
**Differences between the averages followed by the same letter are not significant at P < 0.01 level.

+,1,2Differences between the averages followed by the same letter are not significant at P < 0.01 level.

g/kg, while the lowest was obtained from rye at 596 g/kg. In the second year of the research,
the DDM ratio obtained through straight sowing (655 g/kg was statistically higher than
that obtained through perpendicular sowing (649 g/kg). When the two-year averages were
examined, the DDM ratio was determined to be 645 g/kg in straight sowing and 640 g/kg
in perpendicular sowing. Generally, considering the cereal species and sowing methods,
the average DDM ratio was 643 g/kg. In the second year and the two-year averages, the
species × sowing method interaction was found to be statistically significant as different
results for rye between straight and perpendicular sowing methods. In the first year of
the research, the DDM ratio was 633 g/kg, while in the second year, it increased to 652
g/kg. This increase was found to be statistically significant. Rye and wheat were in the
same group in the second but were placed in different statistical groups in the first year
and the two-year averages. This indicates that the year × species interaction is significant
(Table 6).

DISCUSSION
Determining the appropriate sowing method is crucial for identifying suitable species
and achieving the highest yield from these species. Across the different cereal species with
various sowingmethods, rye (7,408.7 kg/ha) was the cereal with the highest drymatter yield,
while lower yields were obtained from barley (4,849.8 kg/ha) and wheat (464.30 kg/ha). Rye
utilizes soil nutrients more effectively due to its vigorous root development. Rye’s earlier
growth and development in spring, and its more efficient use of spring rainfall, positively
influence vegetative growth (Geçit, 2016). In the research, the rapid tillering of the plant
due to intraspecific competition along with its ability to produce tall plants, contributed to
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an increase in the dry matter yield of rye (Çeri & Acar, 2019). Kaspar & Bakker (2015) and
Liebert et al. (2023) stated that rye yields more than triticale and barley. The root system of
barley is more superficial than that of other cereal species, which limits its ability to benefit
sufficiently from water and nutrients deep in the soil. Regarding nutrient requirements,
barley is followed by wheat. The average dry matter yields obtained from different wheat
and barley sowing methods were placed in the statistically lower group compared with
triticale and oat. Rye has provided a high dry matter yield through straight sowing (7,572.5
kg/ha) and perpendicular rows (7,244.8 kg/ha). It can be said that intra-row competition
in rye plants is more pronounced than inter-row competition. Unlike other cereals, the
straight sowing method can explain this situation by achieving higher yields. Due to
intraspecific competition, the plants’ need for sunlight to perform more photosynthesis
has increased plant height, contributing to higher yields. Additionally, largely unaffected
by changes in the area per plant, rye plants have achieved the highest dry matter yield by
efficiently utilizing available resources despite these limitations. Due to the low intraspecific
competition in wheat and barley, lower dry matter yields (4,328.3 kg/ha and 4,315.3 kg/ha,
respectively) were obtained in straight sowing. The average dry matter yield across different
sowing methods for cereal species was 5,757.0 kg/ha, with perpendicular rows providing
6,082.6 kg/ha and straight sowing yielding 5,431.3 kg/ha. In the perpendicular rows of
cereal species with a row spacing of 20 cm, sowing half of the seed amount in the first
row and the other half in the cross row (90◦) for a better evaluation of the environmental
conditions, provided higher yields. Kaydan et al. (2011), stated that the perpendicular rows
method reduces weed biomass and increases yield. It is known that forage quality in cereals
is affected by various factors, including the cereal species and varieties used, the harvest
period, and the agricultural methods employed. A high crude protein content is a desirable
characteristic for good forage quality. In the study, barley grown using different sowing
methods had the highest crude protein content (129 g/kg, according to Cherney & Marten
(1982). barley harvested at the flowering stage has high forage quality due to its digestibility.
The study found that the lowest crude protein content was obtained from rye, 90 g/kg
of dry matter. According to Lacefield (1988) states that the quality standards of all cereal
species range between 110–130 g/kg and are classified as medium level. Francia et al. (2006)
determined the protein content of barley and oat forage during the vegetative stage as 234
g/kg and 245 g/kg, respectively, However, they observed that these contents decreased to
6% and 7% during the dough stage.De Ruiter et al. (2002) reported that the protein content
in cereal forage varied between 10% and 30% depending on the harvesting stage. They
determined that the protein content in triticale harvested during the vegetative stage ranged
between 17.9 g/kg and 26.1 g/kg. In the first year of the study, the average crude protein
content of species grown using straight sowing methods (123 g/kg) was higher than that of
species grown using perpendicular row methods (117 g/kg). In the second year, however,
the average crude protein content in straight sowing (102 g/kg was lower than that in
perpendicular rows (106 g/kg). The higher rainfall in the first year compared to the second
year contributed to increased crude protein content in straight sowing. In the second
year, with increased intraspecific competition, the perpendicular rows method enabled
a more efficient use of environmental resources through root competition, resulting
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in a higher crude protein content in perpendicular rows (Table 1). Andrew, Storkey &
Sparkes (2015) stated root competition would be more dominant than light competition.
In the first year of the study, higher rainfall likely contributed to an increase in average
crude protein content. This effect may be attributed to enhanced leaf growth and higher
leaf-to-stem ratios associated with greater water availability, which in turn can promote
higher crude protein levels in the plant. These results suggest that variations in water supply
can indirectly influence forage quality through their impact on plant growth dynamics.
Indeed, Moore & Undersander (2002) also stated that a higher leaf ratio correlates with
higher protein content, emphasizing that high-quality forages have a high leaf ratio and
protein content (Moore, Kunkle & Brown, 1991). Although yield is the most important
criterion for livestock enterprises, in recent years, great importance has been placed on feed
quality and the nutritional value of feed. Cereals have higher levels of cell wall components
compared to legumes. The cell wall constituent’s acid detergent fiber (ADF) and neutral
detergent fiber (NDF) are key indicators of forage intake and digestibility. Consequently,
determining the ADF and NDF contents in cereals is of significant importance. In the
study, rye had the highest values in ADF and NDF rates among the species grown using
different sowing methods, while barley and triticale had lower values and formed the lower
group. This may be because rye contains more cell wall components than other species.
Higher ADF contents were obtained in the perpendicular rows of barley and rye compared
to straight sowing. In contrast, higher ADF contents were observed in the straight sowing
of wheat and triticale compared to perpendicular rows. The intraspecific competition,
tillering characteristics, and ways of utilizing the environmental conditions of the cereal
species used in the study may have contributed to the differences observed between the
sowing methods. Additionally, in regions like Central Anatolia, where temperature and
water stress are prevalent, plants with access to water may tend to utilize more sunlight,
which could contribute to an increase in their height and the proportion of cell wall
components. Among the species examined, barley had the highest digestible dry matter
content, while rye had the lowest. Cherney & Marten (1982) stated that barley harvested
during the flowering stage has high digestibility.

Niemann et al. (1992) and Poorter & Bergkotte (1992) stated that the accumulation of
nitrogenous compounds, which are associated with cytoplasmic components, is higher in
rapidly growing species. In contrast, slowly growing species exhibit a greater accumulation
of cell wall components, such as lignin, cellulose, hemicellulose, and other water-insoluble
structural carbohydrates. However, in the study, rye’s better utilization of environmental
conditions in early spring and its higher cell wall content than other cereal species influenced
the ADF levels. The increased ADF levels negatively affected the digestible dry matter ratios.
As a result, different findings have been obtained from the results of Niemann et al. (1992)
and Poorter & Bergkotte (1992). Because of the inverse relationship between digestible dry
matter ratios and ADF levels, the DDM ratio in the second year was higher compared to the
first year, as ADF levels were lower in the second year. Additionally, an inverse pattern was
observed in DDM ratios relative to ADF levels with respect to sowing methods. In barley
and rye, the straight sowing method provided higher DDM ratios than the perpendicular
rows method. In contrast, in wheat and triticale, the perpendicular rows method resulted
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in higher DDM ratios than the straight sowing method. Indeed, according to Linn &
Martin (1989), it is closely related to digestibility, and variations in ADF levels influence
the digestibility of forage. Determining a forage crop’s chemical, physical, and biological
properties is important for assessing its quality.

CONCLUSION
The research results will serve as a guide in selecting cereal species and sowing methods to
meet the forage needs of livestock enterprises and enhance the production of high-quality
feed. In this context, sowing methods and species selection should be strategically evaluated
to meet the forage needs of sustainable livestock enterprises. The results obtained from
the research provide valuable contributions to sustainable agricultural practices that aim
to protect and utilize natural resources efficiently. The effects of different sowing methods
on the yield and quality of barley, wheat, rye, and triticale cereal species cultivated since
ancient times and continuously evolving with mechanization were investigated. In the
research, rye attracted attention with its high yield, while barley was notable for its superior
forage quality. When yield and quality are evaluated, the perpendicular rows method
provides advantages in both respects, especially for triticale. Perpendicular rows of triticale
are recommended to support the production of high-quality forage in arid and semi-arid
regions. In such regions, choosing species like triticale for forage production and properly
planning sowing methods can significantly enhance productivity and forage quality. At the
same time, these approaches can make a substantial contribution to sustainable agriculture
by efficiently utilizing natural resources.
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