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Abstract

The grass pea (Lathyrus sativus L.), belonging to the legume family, has a short vegetative period and is highly
resistant to drought. Also, it is an important forage crop for animal feeding and health, as well as for the yield and
quality of animal products. This study aimed to determine the hay yield and quality of a total of 12 grass pea
genotypes, including 9 populations (1603, 2006, 2401, 4301, 4403, 5001, 6408, 6410, and S3) and 3 registered
varieties (GAP Mavisi, Iptas, Karadag). The experiment was conducted with three repetitions according to a
randomized complete block design in Bilecik during the vegetation periods of 2022 and 2023. Hay yield, crude
protein ratio, plant height, acid detergent fiber, neutral detergent fiber, crude ash, mineral contents (K, P, Ca, and
Mg), condensed tannin, total flavonoid content, total phenolic content, free radical scavenging activity (DPPH),
total alkaloid, and ODAP content (N-oxalyl-L-alpha, beta-diamino propionic acid) were determined in this study.
According to two-year results, hay yield ranged between 3.00-4.55 t ha™!. The highest crude protein rate was
observed in populations 1603 (19.44%), 2006 (20.00%), 2401 (19.82%), and 6410 (19.28%), which were part of
the same statistical group. The populations of 2006 (2.20 mg g*'), 2401 (2.00 mg g'"), 5001 (1.32 mg g!), and 6408
(1.77 mg g'") were at the desired level in terms of ODAP content. The K, P, Ca, and Mg contents of the genotypes
varied between 2.75-3.11%, 0.44-0.49%, 0.91-0.99%, and 0.15-0.21%, respectively. As a result; GAP Mavisi
come into prominence however, no statistical difference was found among the genotypes in terms of hay yield.
Among the genotypes were detected significant differences in terms of quality traits, and this situation helped to
determine the genotype/genotypes that stand out in the ecology of the region. Accordingly, the 2401 population
showed superior performance in terms of forage quality compared to the other genotypes in the Bilecik ecology.
Besides, it was determined that the 2006, 5001, and 6408 populations show promising results in terms of the
examined traits.
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Oz

Baklagiller familyasinda yer alan miirdiimiik (Lathyrus sativus L.) kisa vejetasyon siiresine sahip olup, kurakliga
kars1 oldukca dayaniklidir. Miirdiimiik ayrica, hayvan besleme ve sagligi ile hayvansal iiriinlerin verim ve kalitesi
icin 6nemli bir yem bitkisidir. Bu ¢alismada; 9 populasyon (1603, 2006, 2401, 4301, 4403, 5001, 6408, 6410 ve
S3) ve 3 tescilli (GAP Mavisi, Iptas, Karadag) cesit olmak iizere toplam 12 miirdiimiik genotipinin kuru ot
veriminin ve kalitesinin belirlenmesi amaglanmistir. Deneme, Bilecik ekolojik kosullarinda 2022 ve 2023
vejetasyon donemlerinde 3 tekrarlamali olarak ve tesadiif bloklari deneme desenine gore yiiriitiilmiistiir. Caligmada;
kuru ot verimi, ham protein orani, bitki boyu, asit deterjanda ¢dziinmeyen lif, ndtr deterjan ¢dziinmeyen lif, ham
kiil, besin maddeleri (K, P, Ca ve Mg), kondanse tanen, toplam flavonoid, toplam fenolik, radikal kovucu aktivite
(DPPH), toplam alkaloit ve ODAP (N-oksalil-L-alfa, beta-diamino propiyonik asit) igerikleri belirlenmistir. iki
yillik sonuglara gore, genotiplerin kuru ot verimi 3.00-4.55 t ha'! arasinda degigmistir. En yiiksek ham protein
orani ayni istatistiksel grupta yer alan 1603 (%19.44), 2006 (%20.00), 2401 (%19.82) ve 6410 (%19.28)
popiilasyonlarinda gézlenmistir. ODAP igerigi bakimmdan 2006 (2.20 mg g™'), 2401 (2.00 mg g™'), 5001 (1.32 mg
g!) ve 6408 (1.77 mg g!) popiilasyonlar: istenilen diizeyde bulunmustur. Genotiplerin K, P, Ca ve Mg igerikleri
strastyla %2.75-3.11, %0.44-0.49, %0.91-0.99% ve %0.15-0.21 arasinda degismistir. Sonug olarak; kuru ot verimi
bakimindan GAP Mavisi 6n plana ¢ikmis ancak, genotipler arasinda istatistiksel acidan bir farklilik tespit
edilmemistir. Kalite 6zellikleri bakimindan ise genotipler arasinda 6nemli farkliliklar tespit edilmis olup, bu durum
bolge ekolojisinde 6ne c¢ikan genotip/genotiplerin belirlenmesine yardimct olmustur. Buna gore; Bilecik
ekolojisinde 2401 popiilasyonu yem kalitesi a¢isindan diger genotiplerden daha iistiin performans sergilemistir.
Ayrica, 2006, 5001 ve 6408 populasyonlarinin da incelenen 6zellikler bakimindan iimit var olduklar belirlenmistir.

Keywords: Miirdiimiik, Yem bitkisi, Sekonder metabolit, Kiiresel 1sinma, Hayvan saglig1
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1. Introduction

Biodiversity is an indispensable element of human life, especially food. It is estimated that 20% of biodiversity
will be lost by 2030, both directly and indirectly, especially with the increase in population and industrialization.
This threat is more serious in regions where industrialization and urbanization are most intense. The protection of
plant genetic resources has become an important problem in the world today (Giirliik, 2021). These materials,
which are fully adapted to the ecological conditions of the region in which they grow, are of great importance for
breeding studies to be carried out today and in the future. Turkey has a very important position in the world in
terms of plant genetic resources due to both its geographical structure and the different ecological regions it has.
The fact that one third of the approximately 9000 species in its flora are endemic increases this importance even
more.

The grass pea genus (Lathyrus) is a member of the legume family (Fabaceae) and includes 160 non-perennial
and perennial species (Plitmann et al.,1995). The regions where the Lathyrus genus exhibits species and variety
richness are the Mediterranean basin, Asia Minor, and the warm areas of North America and South America. The
species of the Lathyrus genus that are of economic significance worldwide are L. sativus, L. cicera, and L. Ochrus,
as well as the lesser-known L. sylvestris, L. latifolius, and L. tinginatus.

The most widely cultivated grass pea species worldwide is L. sativus. The plant is used in animal feeding in
the form of silage, hay, or grain, or for grazing. Since it is more advantageous than other legume forage crops due
to its short vegetation period, the crop is also used as a green manure crop for improving soil structure and as a
legume or vegetable in human nutrition. Its most important feature is drought tolerance. It can be cultivated in
regions with a precipitation rate of 250 mm and is thus among the primary drought-tolerant cultivated plants. On
the other hand, it can also be successfully cultivated in submerged areas or areas where the annual precipitation
rate is high. With its strong root system and high nitrogen-fixing capacity (67 kg ha!), it can be cultivated in many
different soil types (Lambein et al., 2019). It is more tolerant of grazing than many other legumes. As it can be
cultivated under many different soil and climate conditions without the need for fertilizing or pesticide application
and is resistant to stress factors, it is also important for sustainable agriculture and legume amendment. It is a
highly suitable model crop, particularly to achieve an understanding of its drought tolerance mechanism and
explore the genes associated with it. Additionally, as a legume plant, cultivation of grass pea provides a significant
amount of nitrogen in the soil (Sayar and Han, 2015).

Although grass pea has many superior features agriculturally, the development and spreading of its cultivation
have been limited due to a neurotoxic amino acid it has, namely B- N-oxalyl-L-a, B-diamino propionic acid
(ODAP). The ODAP consists of two isomerous structures, namely oo —ODAP and B —ODAP (Chase et al., 1985).
a —ODAP corresponds to almost 5% of the total ODAP content of the grain and has no toxic effect. 3-ODAP
causes Lathyrism disease, which results in irreversible paralysis in the legs (Hanbury et al., 2000). Lathyrism
disease is seen both in humans and animals and is caused by intense consumption of grass pea grains for 3 to 4
months (Mehta et al.,1994).

Studies have revealed that the secondary metabolites found in plants are highly significant for rumen health
and animal yield (Rochfort et al., 2008; Patra et al., 2006; Agamirzaoglu et al., 2024). Dohi et al. (1997) reported
an increase in forage consumption in animals fed on crops with phenolic compounds, with a positive effect on
yield. The antioxidant and antimicrobial effects of these compounds were stated by Santos Neto et al. (2009). On
the other hand, flavonoids and phenolic compounds were found to be effective in taking such nutritional
deficiencies as ruminal fermentation, bloating, and acidosis under control (de Paula et al., 2016). Kowalczyk et al.
(2013) reported that the use of external antibiotic supplements in animal feeding was prohibited in 2006 and thus
secondary metabolites could function as an alternative.

It is reported that it is in the digestive systems of ruminants where 25% of global warming is generated (Lascano
and Cardenas, 2010). By attaching to protease and substrate proteins, condensed tannins found in the structure of
legumes create a structure that is hard to break up in the rumen (pH=6-7). After going through the rumen without
being broken up, it is broken up again at the abomasum, where the pH value falls to the level of 2.3-3.5, boosting
digestion and the absorption of essential amino acids in the small intestine (Archimede et al., 2011). As a result,
secondary components, such as condensed tannins, reduce the methane produced in the digestive system and
released to the environment. Under the effect of tannins, nitrogen is directed to the feces instead of urine after
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passing through the small intestines without breaking up. Then it quickly turns into ammonia and nitrogen oxide
and passes to the atmosphere while the N in feces turns into soil organic matter (Martin et al., 2016). Condensed
tannins also have an anthelmintic effect, reducing endozoa in animals and increasing yield.

2. Materials and Methods

In this study, a total of 12 grass pea (Lathyrus sativus L.) genotypes were used. This genotype includes 3
registered varieties (GAP Mavisi, Iptas, and Karadag). The 9 local populations were collected by Prof. Dr. Ugur
BASARAN from different provinces of Turkey, and this information on populations was given by Basaran et al.
(2016) (Table I). The genotypes were then tested under the same ecological conditions. The trial was held under
the ecological conditions of Bilecik for two years in 2022 and 2023.

Table 1. Origin of the investigated grass pea genotypes

Genotypes origin

Genotypes = - =
City Town Village Altitude (m)
1603 Bursa Harmancik Demirciler 719
2006 Denizli Cal Baklancakirlar 886
2401 Elaz1g Merkez Uzuntarla 995
4301 Kiitahya Domanig - -
4403 Malatya Darende Basdirek 1445
5001 Nevsehir Kozakli Kalecik 1120
6408 Usak Ulubey Kilsa 800
6410 Usak Ulubey Kilsa 800
S3 ICARDA
GAP Mavisi Registered variety (Gap International Agricultural Research and Training Center)
iptas Registered variety (Gaziosmanpaga University, Agriculture Faculty, Field Crop Department)
Karadag Registered variety (Gaziosmanpaga University, Agriculture Faculty, Field Crop Department)

The soil analysis results of the regions where the trial plots were located revealed similar soil structure
properties in both areas. Accordingly, both soil structures were clay-loamy, with a medium value of lime (8.78%
and 12.19%) and organic matter (2.43% and 2.74%) content in 2022 and 2023.

The temperature and precipitation values of the experiment region for long-term and the years 2022 and 2023
are given in Table 2. The average temperature was 10.3 °C for long-term years, and 9.9 °C and 10.6 °C for 2022
and 2023, respectively. While the provinces’ total precipitation values for long years (273.6 mm) and for 2022
(291.2 mm) were close to each other, this value was 307.6 mm in 2023, the second year of the experiment (7able
2).

Table 2. Meteorological data of experiment area in the longterm and experimental years”

Months Temperature (°C) Precipitation (mm)
Long-term 2022 2023 Long-term 2022 2023
January 2.7 1.8 5.9 48.0 57.9 17.0
February 4.1 4.8 3.7 44.4 66.9 33.6
March 7.2 2.4 8.1 48.7 27.3 74.7
April 11.5 13.3 11.3 41.9 24.8 55.6
May 16.2 16.8 14.6 47.7 19.0 67.6
June 19.9 20.3 19.7 42.9 953 59.1
Average/Total 10.3 9.9 10.6 273.6 291.2 307.6

* Tukish State Meterogical Service.

The study was established on 01.04.2022 in the first year and on 03.04.2023 in the second year. The experiment
was set up in the randomized complete blocks design with 3 repetitions. Trials were set up manually in 6 rows
(plot area: 7.2 m?) with a row spacing of 30 cm, row length of 4 m in plots, and 60 seeds per m%. DAP fertilizer
was applied during sowing with 80 kg of P,Os per hectare. No irrigation was applied in the trial. Harvest
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(08.06.2022 and 13.06.2023) was done after the edge effect of the plots (0.5m from the top and bottom of each
plot) was removed and right in the flowering period of the plants.

2.1. Plant height

Determined by measuring the distance from the soil level to the top growth point in the 5 plants selected from
the middle row in each repetition.

2.2. Hay yield

The 500 gr of plant sample taken in the harvesting time was dried in a drying oven at 60 °C until it reached
constant weight and weighed. Then the values obtained were proportioned to the fresh yield to calculate the hay
yield.

2.3. Crude protein ratio, acid detergent fiber, neutral detergent fiber, and mineral contents

After being dried at 60 °C until they reached constant weight, the plants were ground in a mill with a sieve
diameter of 1 mm in the laboratory before analysis. Then, the crude protein, ADF, NDF, potassium (K), phosphorus
(P), calcium (Ca), and magnesium (Mg) contents of the samples were measured on the Near Infrared Reflectance
Spectroscopy (NIRS) (Foss 6500) device using the IC-0904FE suite program (Hoy et al., 2002). These analyses
were conducted at the Field Crops Department Laboratory of Faculty of Agriculture, Yozgat Bozok University.

2.4 Crude ash content

The 2 gr of ground samples were weighed and burned in the incinerator at 550 °C for 4 hours, then the
remaining amount was calculated as ash content (Kacar, 1972).

2.5. Condensed tannin

The 0.01 gr of ground samples was weighed, and 6 ml of tannin solution was added to them in a tube to be
mixed in a vortex. After being soaked in boiling water for 1 hour, the samples were taken out and kept at 100 °C
for another hour. The reading was done after cooling at an absorbance value of 550 nm (Bate-Smith, 1975). The
formula below was used in the calculation of the condensed tannin content.

Absorbance (550 nm x 156,5 x dilution factor)/ Dry weight (%).
2.6. Total flavonoid content

Quercetin stock solution was prepared in a 200 m L' concentration and five different concentrations were
obtained from it by way of dilution. Plant extracts (1 ml) were mixed with the same amount of 2% AICl3, kept in
room conditions for 10 minutes, and read at the absorbance value of 415 nm. The same procedure was carried out
for standard Quercetin and the flavonoid contents of the samples were calculated as the equivalent of Quercetin
(mg QE g") (Arvouet-Grand et al., 1994).

2.7. Total phenolic content

The total phenolic content of the extracts was adapted per the Folin-Ciocalteu Reactive (FCR) method by
Singleton et al. (1999). 0.2 ml of sample solutions were taken and first 9 ml of distilled water, then 0.2 ml of Folin-
Ciocalteu was added and left to rest for 3 minutes for the experiment. Lastly, 0.6 ml of sodium carbonate (Na,CO3)
(20%) was added, and a total volume of 10 ml was reached. After being incubated in the dark at room temperature
for 2 hours, it was measured in the spectrophotometer at the absorbance value of 760 nm. In plotting the standard
calibration curve, gallic acid dissolved in pure water was used. 0.1 mg ml! of gallic acid was prepared as the main
stock was prepared and seven different concentrations were obtained by way of dilution. Pure water was added for
control in the same amount as the sample solution (0.2 ml). Based on the gallic acid standard graph, the total
phenolic matter content in all plant extracts was calculated as the equivalent of mg gallic acid (GAE g'') extract.

2.8. Free radical scavenging capacity (DPPH)

Free radical activity was determined by using the well-known radical 2,2-difenil-1-pikrilhidrazil (DPPH) free
radical (Gezer et al., 2006). For the determination of DPPH radical scavenging activity, a concentration was
prepared by solving 4 mg of DPPH in 100 ml of methanol. Dilutions were made from the extracts in concentrations
different than the main stock. For each sample, 3.2 ml of DPPH radical and 200 pl of extract solutions of different
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concentrations. After incubation in the dark at room temperature for 30 minutes, it was read in the
spectrophotometer device at the absorbance value of 517 nm. Ascorbic acid and butylated hydroxytoluene (BHT)
was used as a standard. Sample dissolver was added to the test tube for control in the same amount as the extract
solution and each trial was done in three repetitions. The DPPH radical scavenging percentage was calculated per
the formula below.

DPPH radical scavenging activity% = [(Acontrol- Aextract)/Acontrol] x 100. (Eq. 1)
2.9. Total alkaloid analysis

The total alkaloid content of the samples was determined using a modification of the INEN (2005) method.
Accordingly, 1.2 g of Al,O3 was added to 0.2 g of the sample and was mixed until powder form was reached. The
powder mixture was added 1 ml of KOH (150.4 g I'') and mixed until a homogenous texture was achieved. The
mixture was taken into a centrifuge tube, added 6 ml of chloroform, and was centrifuged 3000 g for 5 minutes.
The filtrate was filtered into a glass bottle. The chloroform, centrifuging, and filtrate collection procedure was
repeated not less than 10 times. The extract was vaporized at 30°C until no alkaloid was left in it (1 ml remained).
5 ml of NaOH (0.40 g I'") and 2 drops of methyl red indicator were added and titrated with sulfuric acid (0.01 ml)
for alkaloid analysis. The total alkaloid content was calculated as 100 g! per the following formula.

TA = 0.248 * V/ sample weight (g) (Eq. 2)
2.10. ODAP analysis

ODAP analysis was performed using the OPT (o-phthalaldehyde) method reported for the plant by Rao (1978).
OPT was prepared by mixing with O-fitalaldehit reactive, borate buffer, and mercaptoethanol, and
diaminopropionic acid (DAP) was used as a standard. The powdered plant (2 g) samples were put in test tubes and
added 2 ml of pure water. After being kept in boiling water, the tubes were cooled down to room temperature, and
centrifugated. The clear solution taken from the tube was added 0.2 ml of 3 N KOH and kept in boiling water for
30 minutes. After hydrolysis, 0.7 ml of water and 2 ml of OPT were added and a reading was performed in the
spectrophotometer device at 425 nm.

2.11. Data analysis

The obtained data was analyzed per the randomized complete blocks design using the MSTAT-C program and
the Duncan test was used in the comparison of the differences among group averages. Descriptive statistics,
analysis, principal component analysis and hierarchical clustering (JMP-22) were employed to identify patterns
and relationships among the grass pea genotypes

3. Result and Discussion

Plant height and hay yield values of different grass pea genotypes are shown in Table 3. While the impact of
the genotypes on separate and combined years in terms of both values was not significant, there was a difference
significant at the probability level of 1% between the years. Plant height and hay yield varied between 41.85 -
49.68 cm and 3.00-4.55 t ha'!, respectively. Both plant height and hay yield were higher in the second year (Table
3). Annual precipitation and precipitation distribution are significant factors in arid climate conditions. The reason why
the plant height and hay yield values of the grass pea genotypes were higher in the second year was because the total
precipitation was high in 2023 (Table 2). Such that, this was clearly observed in field conditions, with plants having
higher plant height and a more exuberant habitus. Aric1 (2023) reported a high rate of germination in the grass pea
plants cultivated under precipitation-dependent conditions and that as precipitation increases so do the plant height and
biomass yield. Kokten et al. (2018) reported a plant height between 23.0-44.1 cm for grass peas under the ecological
conditions of Elazig province while Sayar et al. (2013) reported that hay yield in grass pea genotypes ranged from
4.63-7.12 tha'!, Atis and Acikalin (2020) reported an average hay yield value of 3.76 t ha''. Although the results of the
study match those of other studies by other researchers, there are also some differences, which could be explained by
the differences in the genotypes used, the conditions under which the experiment was conducted, and precipitation and
temperature values.
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Table 3. Plant height and hay yield of grass pea genotypes

Plant height (cm) Hay yield (t ha™)

Genotypes

2022 2023 Average 2022 2023 Average
1603 38.13 53.52 45.83 3.09 4.50 3.80
2006 37.73 51.44 44.59 2.68 4.18 3.43
2401 38.73 54.10 46.42 2.83 5.60 4.21
4301 34.67 49.04 41.85 2.66 3.35 3.00
4403 37.93 52.50 45.22 242 3.66 3.04
5001 37.27 52.46 44.86 2.69 5.67 4.18
6408 36.40 52.36 44.38 2.85 4.63 3.74
6410 39.13 48.58 43.86 3.35 3.70 3.53
S3 36.73 52.92 44.83 2.64 3.61 3.13
GAP Mavisi 40.93 58.43 49.68 3.83 5.26 4.55
iptas 38.07 51.77 44.92 2.62 4.58 3.60
Karadag 39.13 52.40 45.77 3.27 3.62 3.44
Average 37.915"  52.461 2.915™ 4.36"
Mean square error 20.310 10.035 15.172 4073.649  11693.697  7883.673
Coefficient of variation (%) 11.89 6.04 8.62 21.93 24.78 24.41

** s significant at p < 0.01. Means in the same line with different letters differ significantly (p < 0.05). The different superscript letters in the
table indicate the order of statistical significance, with ‘a’ being the highest and ‘b’ the lowest.

Table 4. Crude protein ratio and protein yield of grass pea genotypes

Genotypes Crude protein ratio (%) Protein yield (t ha™')

oL 2022%%  2023**  Average** 2022 2023 Average
1603 18.84 20.04% 19.443b¢ 0.58 0.89 0.74
2006 19.81° 20.20% 20.002 0.53 0.84 0.69
2401 18.66 20.972 19.82% 0.53 0.63 0.85
4301 17.50b< 18.67% 18.09¢% 0.46 0.74 0.54
4403 17.264 20.35% 18.80% 0.42 1.14 0.58
5001 17.91%4  20.10%® 19.0154 0.48 0.91 0.81
6408 18.22b¢ 19.69%¢ 18.9654 0.52 0.74 0.71
6410 18.56%¢  20.00% 19.283%¢ 0.62 0.73 0.68
S3 17.36%¢ 20.07% 18.71¢ 0.46 1.17 0.59
GAP Mavisi 17.52b<d 17.60° 17.56¢ 0.67 0.93 0.80
iptas 18.110b<d 18.20% 18.15% 0.47 0.82 0.65
Karadag 17.78%4  20.53® 19.158%¢ 0.58 0.74 0.66
Average 18.13%"  19.701 0.53%" 0.86"
Mean square error 0.485 0.366 0.425 126.101  392.693 259.397
Coefficient of variation (%) 3.84 3.07 3.45 21.32 23.13 23.28

** is significant at p < 0.01. Means in the same line with different letters differ significantly (p < 0.05). The different superscript letters in the
table indicate the order of statistical significance, with ‘a’ being the highest and ‘e’ the lowest.

Table 4 reveals that the impact of genotypes on crude protein ratio was significant (p < 0.01) in separate and
combined years but, insignificant on protein yield. There was a significant difference at the probability level of
1% between the years in terms of both values. The highest crude protein rate was observed in populations 1603
(19.44%), 2006 (20.00%), 2401 (19.82%), 6410 (19.28%) and variety of Karadag (19.15%), which were part of
the same statistical group, while the lowest value belonged to the Gap Mavisi variety, with 17.56%. The crude
protein rate was determined as 18.13% in the first year and 19.70% in the second year. The protein yield of the
genotypes were ranged from 0.54 and 0.85 t ha"!. Average protein yield values for 2022 and 2023 were determined
as 0.53 t ha'! and 0.86 t ha™!, respectively (Table 4). The fact that the precipitation rate was higher in the second
year led to a more exuberant habitus growth by the plants, which was also reflected in the protein rate. The
observations made on the experiment plot revealed this even more clearly. As a matter of fact, vegetative part
growth was more intense in plants in 2023, which, in turn, led to a higher crude protein rate (7able 4). On the other
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hand, protein yield, which is the multiplication of hay yield by crude protein rate, was also higher in 2023.
Giiliimser et al. (2023) stated the crude protein rate and protein yield for grass pea as 20.62% and 0.51 t ha’,
respectively.

Table 5. ADF and NDF ratios of grass pea genotypes

Acid detergent fiber (%)

Neutral detergent fiber (%)

Genotypes 2022%%  2023**  Average**  2022%*  2023**  Average**
1603 34.64%  30.58«¢ 32.61¢ 47.22¢ 41.50¢ 44.36°
2006 33.66°  31.21° 32.434 47.07¢ 43.56% 45324
2401 35.30%%  31.80 33.55bd 49.16%  4341% 46.2854
4301 36.48%4 35.26* 35.87% 47.47¢ 48.68* 48.07*
4403 36.83%4  31.27b« 34.05bd 51.01%4  41.83« 46.42bd
5001 35.58¢ 31,77 33.67° 52.233¢ 42 27b« 47.258b¢
6408 35.32¢4 3237 33.85b¢ 49.94%¢ 43,61 46.78%4
6410 35.01%  30.59< 32.80 49.46%% 42,08 45.77%de
S3 38.56* 32.84° 35.70% 52.56%® 44.10° 48.33?
GAP Mavisi 37.45%  31.88 34.67% 49.55¢4 42 ,29bcd 45.92b¢
iptas 38.00? 30.69% 34.34abe 53.022 42.03¢ 47.53%®
Karadag 37.61%® 29.734 33.67° 51.66*4  40.80¢ 46.235d
Average 36.20""  31.67% 50.037"  43.01%

Mean square error 0.975 1.362 1.168 0.936 2.337 1.637
Coefficient of variation (%) 3.12 3.22 3.19 2.25 3.06 2.75

** s significant at p <0.01. Means in the same line with different letters differ significantly (p < 0.05). The different superscript letters in the
table indicate the order of statistical significance, with ‘a’ being the highest and ‘e’ the lowest
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Figure 1. Crude ash ratio of grass pea genotypes

** is significant at p < 0.01. Means in the same line with different letters differ significantly (p < 0.05). The different superscript letters in
the table indicate the order of statistical significance, with ‘a’ being the highest and ‘e’ the lowest.

The ADF and NDF values, the impact of the genotypes on separate and combined years and the difference
between the years were significant at the probability level of 1%. The ADF and NDF contents of the genotypes
varied between 32.43-35.87% and 44.36-48.33%, respectively. The average ADF and NDF rates were determined
as 36.20-50.03%, respectively, for 2022, and 31.67-43.01%, respectively, for 2023 (Table 5). ADF and NDF
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signify the fiber content in forage crops. High fiber content in forage crops means difficulty in digestion. Therefore,
forage crops should have low ADF and NDF rates. It was seen that some populations have lower levels of ADF
and NDF than the varieties. This results from genetic differences and environmental conditions and is promising
for populations. In addition, the fact that the first year was drier than the second caused stress in plants, leading to
an increase in cellulose and lignin. Basaran et al. (2011) reported that the ADF and NDF rates of the grass pea
plant varied between 28.80-34.40% and 33.42-45.01%, respectively. The fact that the experiments were conducted
in different ecologies, the delays in harvest times, the varieties used, and whether the trials were conducted in
summer or winter can be cited among the causes of the differences observed in the research results.

Figure I features the crude ash content values of the grass pea genotypes for combined years. The impact of
the genotypes on crude ash content in separate and combined years was significant (p < 0.01) while there was no
statistical difference between the years. The highest crude ash content was identified in the populations 2401
(9.10%), 4403 (10.14%), 5001 (9.78%), and 6408 (9.11%), and the varieties Iptas (9.11%) and Karadag (10.34%)
while the lowest value was observed in population S3, with 7.32%. Crude ash, the quality factor in forage crops,
constitutes the baseline data in trace element analyses. There are antagonistic and synergistic effects between the
crude ash rate and yield. Accordingly, the populations S3 and 4301, which had low ash rates, also had low hay
yield values in this study. Therefore, increasing the crude ash rate is among the primary goals in the amendment
of forage crops (Geren et al., 2004). The fact that some populations had crude ash content at the level of the
involved varieties (Figure 1) is significant for the development of variety improvements.

Table 6. Potassium and phosphorus content of grass pea genotypes

Potassium (%) Phosphorus (%)
Genotypes
2022* 2023%* Average 2022 2023 Average*

1603 2.75b 2.85b 2.80 0.42 0.52 0.47°
2006 2.87b 2.90° 2.89 0.44 0.54 0.492
2401 2.84b¢ 2.68 2.76 0.44 0.52 0.48®
4301 2.78b 3.08? 293 0.36 0.52 0.44¢
4403 3.11%® 2.80bcd 2.96 0.43 0.55 0.49*
5001 3.422 2.80bcd 3.11 0.43 0.55 0.49*
6408 2.96% 2.65¢ 2.81 0.42 0.54 0.48%
6410 3.03b% 2.72bcd 2.88 0.42 0.55 0.49*
S3 3.06% 2.7bed 2.89 0.41 0.54 0.48%
GAP Mavisi 2.73¢ 27754 2.75 0.42 0.51 0.46°
iptas 2.95b 2.79bed 2.87 0.42 0.55 0.492
Karadag 2.82b 2.87° 2.85 0.43 0.55 0.492
Average 2.94 2.80 0.425  0.544

Mean square error 0.036 0.010 0.023 0.002 0.001 0.002
Coefficient of variation (%) 6.47 3.48 5.27 3.80 2.52 3.40

* is significant at p < 0.05, ** is significant at p < 0.01. Means in the same line with different letters differ significantly (p <0.05). The different
superscript letters in the table indicate the order of statistical significance, with ‘a’ being the highest and ‘d’ the lowest

The effect of the genotypes on K was very significant in separate years (p < 0.05 and p < 0.01), but not
significant in the combined year. The effect of the genotypes on P was not significant in separate years, and also
significant (p < 0.05) in the combined years. There was a significant difference (p < 0.05) in Ca among the
genotypes in 2023, but no difference was observed in 2022 and the combined years (7able 6 and 7). The effect of
the genotypes on Mg was not significant in separate years, but it was significant in combined years. Besides, the
second year showed higher values compared to the first year in terms of all macro elements. The K, P, Ca, and Mg
contents of the genotypes in combined years varied between 2.75-3.11%, 0.44-0.49%, 0.91-0.99%, and 0.15-
0.21%, respectively. Macronutrients are the elements most needed by the animals. These elements are highly critical
for animal health, with a considerable impact on yield and quality. Lack of or excessive phosphorus and calcium lead
to rachitism in animals while potassium ensures acid-base balance in the body and magnesium contributes to bone
structure (Dua and Care, 1999; Giirsoy and Macit, 2017). For animal health and quality, it is desired for forage crops
to have 0.3-0.8% K, 0.1-0.2% Ca, 0.1-0.2% Mg, and 0.2% P (Mayland and Hankins, 2001). In the study, macronutrient
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contents in all genotypes were higher than these values (7able 6 and 7). Also; it was determined that K and P contents
of cited by Basbag et al (2012) in grass pea genotypes fully coply with the research findings, but their Mg and Ca
contents findings were found to be higher than the research findings.

Table 7. Calcium and magnesium content of grass pea genotypes

Calcium (%) Magnesium (%)
Genotypes
2022 2023* Average 2022 2023 Average*

1603 0.92 1.000¢ 0.96 0.17 0.16 0.17%
2006 0.89 1.06% 0.98 0.20 0.17 0.19°
2401 0.90 1.03% 0.97 0.16 0.14 0.15¢
4301 0.85 1.12# 0.99 0.23 0.18 0.21*
4403 0.90 0.92¢ 0.91 0.19 0.16 0.17%
5001 0.86 0.99 0.92 0.18 0.14 0.16%
6408 0.90 1.06% 0.98 0.20 0.16 0.18°
6410 0.93 1.05% 0.99 0.21 0.17 0.19°
S3 0.89 1.05% 0.97 0.21 0.15 0.18°
GAP Mavisi 0.93 1.06% 0.99 0.17 0.17 0.17%
iptas 0.88 0.97° 0.93 0.20 0.15 0.17%
Karadag 0.94 0.97°% 0.95 0.18 0.17 0.17%
Average 0.90% 1.024 0.16%"  0.19*

Mean square error 0.003 0.003 0.003 0.002 0.001 0.002
Coefficient of variation (%) 5.48 5.82 5.64 9.95 7.47 9.07

* is significant at p < 0.05, ** is significant at p <0.01. Means in the same line with different letters differ significantly (p <0.05). The different
superscript letters in the table indicate the order of statistical significance, with ‘a’ being the highest and ‘d’ the lowest

Table 8 and 9 shows the secondary metabolite contents of grass pea genotypes. The impact of the genotypes
on separate and combined years and the difference between the years were significant at the probability level of
1% in terms of total flavonoid and phenolic contents values. The total flavonoid and phenolic contents of the
genotypes in combined years varied between 47.02-62.65 mg QE g'! and 48.99-66.79 mg GA g’!, respectively
(Table 8). The impact of the genotypes on DPPH was very significant in both years and combined years (p <0.01)
while their impact on condensed tannin was very significant in the first year and combined years (p < 0.01) and
insignificant in the second year. In terms of both values, the difference between the years was at a significance
level of 1% (Table 9). The highest DPPH value was identified in the Karadag variety with 65.21% and the lowest
was seen in population 1603 with 47.25%. The average DPPH content was 65.26% in the first year and 46.02% in
the second. The condensed tannin content of the grass pea genotypes varied between 1.03-1.37% and the average
condensed tannin content was determined as 1.32% in 2022 and 1.01% in 2023 (Table 9).

Secondary compounds in plants (total flavonoid, total phenolic, DPPH, tannin, ODAP, alkaloid, etc.) are the energy
sources that allow them to maintain their lives. Plants continue their growth by synthesizing these substances under
stress conditions. The secondary compound contents of the genotypes in this study were higher in 2022 because it was
a drier period and they were stressed. On the other hand, the secondary compounds in plants have different functions.
Total phenolic, total flavonoid, and DPPH content show phytotherapeutic traits, leading to healthier animals and higher
yield and quality in animal products (Kuhnen et al., 2014). The fact that these compounds were high in some
populations is promising in terms of variety improvements. Condensed tannins in the plants are important for reducing
the methane gas released from ruminants, which causes global warming. Therefore, including forage crops rich in
condensed tannin enhances animal yield and quality while also increasing carbon sequestration by reducing ammonia
and nitrogen oxide emissions (Undi et al., 2016). Kumar and Singh (1984) and Barry (1987) reported that low levels
of condensed tannins in plants (2.0-3.0%) reduce ruminal protein degradation and high CT levels (<3.0%) adversely
impact protein digestion, as well as microbial and enzyme activities. The condensed tannin contents of all the genotypes
in the study were lower than the critical level (Table 9).
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Table 8. Total flavonoid and total phenolic contents of grass pea genotypes

Total flavonoid (mg QE g™) Total phenolic (mg GA g™)

Genotypes
2022%*  2023*%*  Average** = 2022*%* = 2023**  Average**

1603 54.98¢ 39.05¢ 47.02¢ 57.96¢ 44.65%4 51.31¢f
2006 60.18%4 45,06 52.62¢ 70.02¢4  47.9]3b¢ 58.97%
2401 67.13%%  48.220 57.67%¢ 85.97° 47.62%¢ 66.79°
4301 59.49%d 50,113 54.80" 71.49¢de 50.99° 61.24%
4403 61.46%4  44,01¢ 52.74¢ 67.64° 492020 58.42b
5001 65.79%  48.89b° 57.342b¢ 75.15b% 40.75% 57.95bd
6408 59.35%4 5346 56.40b 64.65°"  43.45b 54.05%
6410 67.83% 40.604 54,2204 73.30%4 44,794 59.04%
S3 56.37¢ 40.824 48.594¢ 61.20f 36.79¢ 48.99f
GAP Mavisi 63.110 56.80? 59.96% 74.41%  48.43%c 61.42°
iptas 62.65%4 53,50 58.082b¢ 65.1142  48.73%¢ 56.92¢
Karadag 75.152 50.143b¢ 62.65° 80.772 42.71¢4 61.74°
Average 62.791"  47.568 70.641™  45.50®
Mean square error 28.043 13.390 20.716 20.089 11.010 15.550
Coefficient of variation (%) 8.43 7.69 8.25 6.35 7.29 6.79

*p <0.05, ** is significant at p < 0.01. Means in the same line with different letters differ significantly (p < 0.05). The different superscript
letters in the table indicate the order of statistical significance, with ‘a’ being the highest and e the lowest.

Table 9. Total DPPH and condensed tannin contents of grass pea genotypes

Genotypes DPPH (%) Condensed tannin (%)
2022%* 2023**  Average** = 2022** 2023  Average**

1603 61.64¢ 32.87° 47.25¢ 1.05¢ 1.05 1.05b
2006 65.63% 48.87° 57.24¢ 1.60%® 1.14 1.37%
2401 68.282 38.24¢ 53.264 1.11¢ 0.95 1.03¢
4301 65.60% 52.09° 58.85% 1.64® 1.15 1.40%
4403 65.05%  41.68 53.364 1.26% 0.91 1.09%¢
5001 68.19* 48.68° 58.43% 1.13¢ 1.02 1.08%
6408 63.91°¢ 44.75¢ 54.334 1.293b¢ 0.95 1.120
6410 64.81° 50.65° 57.73% 1.27b 0.90 1.08%
S3 65.76 40.149% 52.954 1.30%¢ 0.94 1.120¢
GAP Mavisi 66.72% 52.60° 59.66° 1.68* 1.05 1.36*
iptas 61.544 42.70¢d 52.124 0.98¢ 1.08 1.03¢
Karadag 66.03% 59.00? 62.51° 1.523 0.99 1.25%®
Average 65.26"  46.028 .32 1013

Mean square error 1.365 4.523 2.944 0.041 0.010 0.026
Coefficient of variation (%) 1.79 4.62 3.08 15.37  10.04 13.76

** is significant at p < 0.01. Means in the same line with different letters differ significantly (p < 0.05). The different superscript letters in the
table indicate the order of statistical significance, with ‘a’ being the highest and ‘e’ the lowest. DPPH: Free radical scavenging capacity.

The impact of the genotypes on ODAP was significant (p < 0.01) in both separate and combined years, while
their impact on total alkaloid content was significant (p < 0.01) in the second year and not significant in the first
year and combined years. In terms of both values, the difference between the years was at a significance level of
1% (Table 10). The highest ODAP was identified in the Karadag variety with 3.05 mg g™' and the population 1603
with 2.83 mg g'!, while the lowest was identified in the population 5001 with 1.32 mg g*'. The total alkaloid content
of the grass pea genotypes varied between 2.41-2.77 g 100g™ (Table 10). High alkaloid levels in forage crops lead
to poisoning in animals. Therefore, low alkaloid content is desired in forage crops. Some grass pea populations have
lower alkaloid levels than the varieties (7able 10), which is important for new variety improvements and animal health.
The ODAP content is among the primary factors restricting the cultivation of the grass pea plant, which plays an
important role in animal nutrition. ODAP is a free amino acid, which has a direct negative impact on the nervous
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system and is thus undesirable. Thus, developing grass pea varieties with low or no ODAP content enables substantial
advantages in spreading grass pea cultivation. Depending on genetic and environmental factors, the ODAP content
varies between 0.2-7.2 mg g"! (Deshpande and Campbell, 1992), and for safe consumption, this value needs to be below
2.0 mg g-1’dan (Abd EI Moneim et al., 1999). The populations 2401, 5001, and 6408 in this study were below this
level. This is of significance for animal health and yield, as well as new variety amendment.

Table 10. ODAP and total alkaloid contents of grass pea genotypes

ODAP (mg g™) Total alkaloid (g 100g™)

Genotypes
2022%%  2023%* Average** 2022 2023* Average

1603 2.84 2.82% 2.83% 3.53 1.304 2.41
2006 2.87%® 1.53¢% 2.20¢d 3.39 1.992 2.69
2401 2.02b 1.97¢ 2.00% 3.61 1.57%4 2.59
4301 2.78% 2,373 2.58b 3.45 1.82ab¢ 2.63
4403 2.64% 2.28b 2.46b 3.68 1.56%4 2.62
5001 1.42¢ 1.22¢f 1.32f 3.60 1.43bd 2.51
6408 2.56% 0.98f 1.77¢ 3.55 1.60%¢ 2.58
6410 2.83% 1.94¢ 2.39bed 3.71 1.56%¢ 2.63
S3 2.58% 1.98% 2.28% 3.63 1.60%¢ 2.61
GAP Mavisi 2.50% 2.443% 2.35¢d 3.56 1.982® 2.77
iptas 2.63% 2.51% 2.57% 3.38 1.214 2.29
Karadag 3312 2.802 3.052 3.60 1.85% 2.73
Average 2,584 2.078 3.56"  1.62%
Mean square error 0.191 0.063 0.127 0.032 0.081 0.056
Coefficient of variation (%) 16.94 12.08 9.07 5.04 17.51 9.18

* is significant at p < 0.05, ** is significant at p <0.01. Means in the same line with different letters differ significantly (p <0.05). The different
superscript letters in the table indicate the order of statistical significance, with ‘a’ being the highest and ‘e’ the lowest. DPPH: Free radical
scavenging capacity.

i pGap Mavisi
$DPPH

mg301

Component 2 (21,8 %)

:|
-6 -4 -2 0 2 4 6
Component 1 (26,9 %)

Figure 2. Pricipal component analysis of grass pea genotypes

(CP: Crude protein ratio; PH: Plant height; ADF: Acid detergent fibe; NDF: Neutral detergent fiber; HY: Hay yield; K: Potassium; P:
Phosphorus; Ca: Calcium; MG: Magnesium; CT: Condensed tannin; TF: Total flavonoid content; TP: Total phenolic content, ASH: Crude
ash ratio, DPPH: Radical scavenging activity; TA: Total alkaloid content; ODAP: N-oxalyl-L-alpha, beta-diamino propionic acid)
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It has been reported that the principal component analysis (PCA) has effective for evaluating the phenotypic
diversity in addition to identifying genetically distant clusters of genotypes and selecting important traits
contributing to the total variation in the genotypes. The PCA allows natural grouping of the genotypes and is
precise indicator of differences among genotypes. The main advantage of using PCA is that each genotype can be
assigned to one group only (Adams, 1995; Sing et al., 2020). The relationships between the genotypes and the
examined traits in this study can be easily distinguished thanks to the PCA graphic (Figure 1). Sharifi et al. (2018)
reported that principal component analyses (PCA) have been used to compare genotypes on the basis of multiple traits
and to identify genotypes or groups that are particularly good in certain aspects, and that can be candidates for future
breeding. The biplot graphic analyses of the 29 chicory genotypes are present in Figure 2. The yield and quality results
of'the present study revealed that the first principal component (PCA 1) and the second (PCA 2), respectively, exhibited
26.90% and 21.80% (total 48.70%). It is seen that some populations are better than varieties in various properties. For
example, in terms of the undesired ODAP content, the populations 2006, 5001, and 6408 exhibited superior
performance in comparison to the varieties. Also, the population of 2401 showed good results in terms of forage yield
and quality (Figure 2). According to the PCA graphic results, it is seen that especially the 2401 population is valuable
in terms of genetic resources. It is also predicted that the population in question can be evaluated as breeding material
for developing new varieties.

Heat Map or Hierarchical Cluster Analysis is a two-dimensional data visualization approach indicating the data
in the rows and columns of a data matrix along with the hierarchical clustering structure (Wilkinson and Friendly,
2009; Barua et al., 2022). The heat map of the 17 properties examined in the study through a total of 12 grass pea
genotypes, including 3 registered and 9 different populations, per the clustering analysis is shown in Figure 3. The
differences and similarities among genotype groups can be identified through clustering analysis. On the other
hand, clustering analysis is also used in demonstrating the taxonomic relations among the genotypes (Cartea et al.,
2002). A heat map based on clustering analysis shows how the color changes are grouped by tone or saturation or
the changes within a group (Barua et al., 2022). The color distribution openly demonstrates the role played by the
cultivation environment and the impact of genotypic differences in terms of the properties inspected in the grass
pea genotypes. The positive or negative outcomes of the interaction among the genotypes and properties are clearly
seen on this map. This can be associated with the genetic differences among the genotypes. Moreover, a wide
variation was identified among grass pea genotypes and the examined properties based on the heat map in the
clustering analysis. According to the heat map, four major genotype groups were created in terms of the properties
examined. The first group featured 1603, 2006, 6408, and 6410 genotypes, the second consisted of 2401, 5001, 4403,
Iptas, and Karadag, the third consisted of GAP Mavisi variety, and fourth consit of 4301 and S3. In the graph, the third
and fourth groups are particularly noteworthy. While the third group (GAP Mavisi variety) is highlighted by HY, the
fourth group (populations of 4301 and S3) is highlighted by ADF and NDF. These genotypes exhibited high values.
On the other hand, wo major groups were created in terms of properties, with the first one consisting of PH, HY, PY,
CA, TF, TP, CP, P, ADF and the second consisting of NDF, K, Ca, Mg, DPPH, TA, CT and ODAP (Figure 3).

Figure 3. Heat map and hierarchical cluster analysis of grass pea genotypes

(CP: Crude protein ratio; PH: Plant height; ADF: Acid detergent fibe; NDF: Neutral detergent fiber; HY: Hay yield; K: Potassium; P:
Phosphorus; Ca: Calcium; MG: Magnesium; CT: Condensed tannin; TF: Total flavonoid content; TP: Total phenolic content, ASH: Crude
ash ratio, DPPH: Radical scavenging activity; TA: Total alkaloid content; ODAP: N-oxalyl-L-alpha, beta-diamino propionic acid)
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4. Conclusion

As a result of this study conducted under precipitation-dependent conditions to determine the roughage and
some quality features of 12 grass pea genotypes as a summer crop for two years (in the growing seasons of 2022
and 2023), significant differences were identified among the genotypes. Precipitation differences between the
years affected both the genotypes and the properties examined. According to the average data from two years,
GAP Mavisi come into prominence in terms of hay yield; however, no statistical difference was found among the
genotypes in terms of hay yield. For this reason, th quality features helped with the determination of the genotype
for the ecology where the study was conducted. This will shed light on the amendment efforts to make populations
into varieties. Accordingly, based on forage yield quality, the populations 2401 exhibited a superior performance.
Besides, the populations of 2006, 5001, and 6408 can be evaluated as genetic material.
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