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Abstract
Vicia L. is a significant fodder plant, widely affected by drought conditions. This study aimed to identify the
phenotypic diversity and select superior vetch genotypes. To this end, 120 vetch genotypes from five species:
Vicia ervilia L., Vicia sativa L., Vicia narbonensis L., Vicia dasycarpa L., and Vicia pannonica L. were
evaluated under the rain-fed conditions of Maragheh city. Data analysis revealed considerable variation among
vetch species genotypes in all studied traits. Grain yield showed a positive and significant correlation with
biological yield and the number of days to maturity. Principal Component Analysis (PCA) biplot demonstrated
clear separation among vetch species. Furthermore, cluster analysis results classified the studied vetch genotypes
into two main groups and four subgroups, with genotypes in the third and fourth subgroups exhibiting the
highest values for most traits. Genotypes G1, G3, G4, G6, G7, G8, and G12, all belonging to the V. ervilia
species, were consistently selected based on the MGIDI and Smith indices. The findings of this study provide
valuable insights for the collection, preservation, and utilization of vetch germplasm resources.
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Introduction

Vicia L., belonging to the Fabaceae family, is a special type of fodder plant well-suited for cold and dry regions
(Ma et al., 2022). In terms of some quality characteristics, vetch is comparable to alfalfa (Hasanvand et al., 2010).
For decades, evaluating the diversity of agronomical and morphological traits has been a fundamental step in
studying plant germplasm. These traits are crucial for evolutionary and taxonomic studies. To date, the taxonomy
and biosystematics of the genus Vicia have been explored in several studies (Hanelt & Mettin, 1989; Maxted,
1993; Jalilian et al., 2014). Although drought stress can reduce the grain and fodder yield of vetch, some species
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exhibit high tolerance to this stress (Alizadeh, 2019). Significant phenotypic variation among vetch genotypes
under drought stress conditions has been reported (Mirfakhraee et al., 2010; Abbasi et al., 2014). Considering the
importance of fodder production in Iran, this study was undertaken to determine the phenotypic diversity and
select superior vetch genotypes from five species (Vicia ervilia, Vicia sativa, Vicia narbonencis, Vicia
dassycarpa, and Vicia panonica) under the rain-fed conditions of Maragheh city.

Materials and Methods

In this study, 120 vetch genotypes from the ICARDA international germplasm collection were cultivated in 1m?
plots using an augmented design under rain-fed conditions in the spring. Due to germination issues and
insufficient growth, data from only 60 genotypes were viable for analysis. These genotypes were evaluated at the
Dryland Agricultural Research Institute (DARI) in Maragheh city, located at a latitude of 37°16'12" E, a longitude
of 46°27'36" N, and an altitude of 1720 meters. The total rainfall during the experimental months amounted to 58
mm. The traits assessed included plant height (PH), number of days to maturity (DM), hundred kernel weight
(HKW), biological yield (BY), and grain yield (GY). A variety of statistical analyses, such as analysis of variance
(ANOVA), principal component analysis (PCA), and cluster analysis using Ward's method, were conducted to
explore the phenotypic variation among genotypes. Pearson's correlation coefficient was applied to assess
relationships between traits. Additionally, the Smith Index (Smith, 1936) and the multi-trait genotype-ideotype
distance index (MGIDI) were utilized for the selection of superior genotypes (Olivoto & Nardino, 2021). All
statistical analyses were executed using SAS 9.4 and R 4.2.2 software.

Research Findings

The analysis of variance (ANOVA) results revealed significant differences between the vetch species for all
studied traits at the 0.1% probability level. Vicia panonica exhibited the highest plant height (PH) at 42.19 cm,
while Vicia sativa required the longest duration to reach maturity. Biological yield (BY) was significantly higher
in Vicia sativa (1605.5 kg/ha) and Vicia panonica (1331.1 kg/ha) compared to other species. Although Vicia
narbonencis recorded the highest hundred kernel weight (HKW) at 16.37 g, the greatest grain yield (GY) of 502
kg/ha was observed in Vicia sativa. Correlation analysis between traits indicated a positive and significant
correlation of GY with BY (r=0.81**) and days to maturity (DM) (r=0.80**). A similar positive correlation was
noted between BY and DM (r=0.57**) as well as PH (r=0.54**). The only negative relationship was observed
between PH and HKW traits (r=-0.45**). The first two components of the principal component analysis (PCA)
explained nearly 80% of the total variation. The PCA biplot showed that genotypes of each species were similarly
distributed based on the first two principal components. Cluster analysis dendrogram divided vetch genotypes into
two main groups and four subgroups. According to the multi-trait genotype-ideotype distance index (MGIDI)
selection index, genotypes G6, G5, G4, G10, G9, G12, G7, G1, G8, G92, G3, and G23 were identified as the
preferred genotypes. Genotypes G1, G3, G4, G6, G7, G8, G12, G77, G100, G101, G110, and G119 were selected
based on the Smith Index (SH). A comparison of these two indices revealed that seven genotypes were
consistently chosen, all of which belonged to the Vicia ervilia species. This selection underscores the potential of
V. ervilia for specific agronomic traits, thereby contributing valuable insights for future breeding and conservation
efforts.

Discussion of Results and Conclusion

The considerable diversity observed among vetch species in terms of yield and main agronomic traits aligns with
previous reports (Mirfakhraee et al., 2010; Abbasi et al., 2014; Javanmard et al., 2019), highlighting the varied
responses of these species to drought stress. Each species may employ different mechanisms to tolerate drought,
contributing to this observed diversity. The traits evaluated in this study effectively distinguished between vetch
species, particularly Vicia ervilia, which exhibited more distinct distribution than other species. Although cluster
analysis did not group all genotypes of each species into the same subgroup, the first main group primarily
comprised Vicia narbonensis and Vicia sativa, while the second main group predominantly included Vicia
panonica, Vicia dassycarpa, and Vicia ervilia. The genotypes in the third subgroup are recommended for further
development and introduction of vetch cultivars. Javadi et al. (2022) similarly classified 58 vetch genotypes into
five groups, with some clusters encompassing genotypes from different species. While yield is a crucial trait,
selecting genotypes based on multiple traits is essential in plant breeding ((Yan & Frégeau-Reid, 2018). The
common genotypes selected using the Smith Index (SH) and the Multi-Trait Genotype-ldeotype Distance Index
(MGIDI) were predominantly from the V. ervilia species, with limited selections from other species by one of the
indices. This variation in results is attributed to the differences in the calculation methods of the indices and the
definition of the ideal genotype. The diversity revealed in this study offers valuable insights for vetch taxonomy
and biosystematics programs. Future studies should investigate the molecular aspects of this diversity to further
understand the genetic basis of these phenotypic variations.
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Table 1- The information of the genotypes of the studied vetch

dg5 Laso pL g g5 (9 P o

V. dassycarpa Turkey V.D Sel2457 G76 V. ervilia Cyprus V.E Sel 2510 Gl
V. dassycarpa Syria V.D Sel2562 G77 V. ervilia Cyprus V.E Sel 2512 G3
V. dassycarpa Australia  V.D Sel2565 G78 V. ervilia Cyprus V.E Sel 2513 G4
V. dassycarpa Turkey V.D Sel2439 G86 V. ervilia Cyprus V.E Sel 2515 G5
V. narbonencis Lebanon  V.N Sel 2376  G89 V. ervilia Cyprus V.E Sel 2516 G6
V. narbonencis Lebanon  V.N Sel 2380  G91 V. ervilia Cyprus V.E Sel 2517 G7
V. narbonencis Lebanon  V.N Sel 2383  G92 V. ervilia Syria V.E Sel 2518 G8
V. narbonencis Lebanon  V.N Sel 2384  G93 V. ervilia Syria V.E Sel 2519 G9
V. narbonencis Lebanon  V.N Sel 2386  G94 V. ervilia Syria V.E Sel 2520 G10
V. narbonencis Lebanon  V.N Sel 2387  G95 V. ervilia Syria V.E Sel 2563 G12
V. narbonencis Lebanon  V.N Sel 2392  G96 V. ervilia Bulgaria V.E Sel 2647 Gl4
V. narbonencis Syria V.N Sel 2393  G97 V. sativa Hungery V.S Sel 2003 G16
V. narbonencis Turkey V.N Sel 2466  G98 V. sativa Syria V.S Sel 2490 G18
V. narbonencis Lebanon  V.N Sel 2469 G99 V. sativa Italy V.S Sel 2558 G20
V. narbonencis Lebanon  V.N Sel2470 G100 V. sativa Syria V.S Sel 2560 G21
V. narbonencis Lebanon  V.NSel2471 G101 V. sativa Turkey V.S Sel 2616 G23
V. narbonencis Iraq V.N Sel 2561 G102 V. sativa ICARDA V.S Sel 2714 G24
V. dassycarpa Unknown V.D Sel2450 G104 V. sativa ICARDA V.S Sel 2717 G25
V. dassycarpa Unknown V.D Sel 2437 G105 V. sativa Unknown IFVS SEL 2746 G41
V. dassycarpa Turkey V.D Sel 2434 G106 V. narbonencis Unknown IFVN 556 Sel 2376  G42
V. dassycarpa Turkey V.D Sel 2432 G107 V. narbonencis Turkey IFVN 121 Sel 2466  G46
V. panonica Iran V.P3Sel3 G108 V. narbonencis Unknown IFVN 561 Sel 2469 G47
V. panonica Iran V.P4Sel4 G109 V. narbonencis Italy IFVN 67 Sel 2561  G49
V. panonica Iran V.P7Sel7 G110 V. sativa Unknown  IFVS 505 Sel 2754 G55
V. panonica Iran V.P14Sel14 G111 V. sativa Unknown  IFVS 505 Sel 2755  G56
V. panonica Iran V.P16 Sel 16 G113 V. dassycarpa Syria V.D Sel2431 G64
V. panonica Iran V.P17 Sel17 G114 V. dassycarpa Tukey V.D Sel2433 G65
V. panonica Iran V.P19Sel19 G116 V. dassycarpa Unknown V.D Sel2435 G66
V. panonica Iran V.P21Sel21 G118 V. dassycarpa Unknown V.D Sel2452 G73
V. panonica Iran V.P24Sel24 G119 V. dassycarpa Japan V.D Sel2456 G75
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Table 2- Variance analysis of studied traits in different species of vetch
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Table 3- Comparison of averages between different species of vetch in terms of studied traits
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Figure 1- Relationships between the studied traits based on Pearson correlation coefficients (A) and biplot decomposition into
principal components (B).
ns and ** indicate non-significance and significance at the one percent probability level, respectively.
HKW: hundred seed weight, PH: plant height, BY: biological yield, GY: seed yield and DTM: number of days to maturity.
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Figure 4- The ranking and selected genotypes of the vetch based on the MGIDI index and the selection intensity of 20%



¥ OLHer 5 (s Abljnbbjg,ijéﬁzbi‘fidad;}k}udhd;ﬂ(ViCiaL.)dgfnb‘_;Lh%}}jdg}étﬂw)ﬁ

MGIDI SH

Gl

G5 G3 G177

G9 G4 G100

G10 G6 G101

G23 G7 G110

G92 G8 G119
G12

Aoy ¥ i 8 Sad elel ,SH s MGIDI sls st ls Law g ous i 8 ¢Sale glacw 55 -0 Ko
Figure 5- The vetch genotypes selected by MGIDI and SH indices based on 20% selection intensity

Cllena
A8 ud edalie ool)5 Dlio 53 ,Shoe Llod 4 Sl s S o (6Kt §55 ol 2ass s Gb
255 5 6 Fmlie (855 Do sas 53, S o 55 51 (52 BT Sl o £ 05 58S (o
33 LT 3l eslimal LSSl 5 Lis Ll o ol UMJ_? S e i bwg 4S5 (g sb 4 cisls Ol
Slalllan 53 Sl o adlyp )5 53 3 5 30 £ 55 4 3 b oo Sl impan 2,03 3525 (ST 315540 Glaasl
sbopen o0t anlllan sl o35 e SN g Sl ST Gl ass 50 5 ar 5 Sl sy 5 555U

D5 g 55 G55 5 e g ezl aoes ST e 4 G 55 0l AT el p5Y

References

Abbasi, A., Mohammadi Nargesi, B., Keshavarz Niya, R., & Ghorbanpour, E. (2014). The study of
genetic variation of common vetch (vicia sativa L.) based on morphological traits under normal
and stress conditions. Iranian Journal of Field Crop Science, 44(3), 359-370.
10.22059/1JFCS.2013.36146 [In Persian].

Abbasi, M. R., Vaezi, S., & Baghaie, N. (2007). Genetic diversity of bitter vetch (Vicia ervilia)
collection of the National Plant Gene Bank of Iran based on agro-morphological traits. Iranian
Journal of Rangelands and Forests Plant Breeding and Genetic Research, 15(2), 113-128.
10.22092/1JRFPBGR.2007.114958 [In Persian].

Alizad Dizaj, K., Fakhrevaezi, A., Lameie, J., Bahrami, S., Neyestani, E., Shaabani, A., ... & Dorri,
M. A. (2013). Golsefid, a new winter type forage cultivar for cold and moderate cold drylands of
Iran. Seed and Plant Improvement Journal, 29(3), 617-619. 10.22092/SP1J.2017.111179 [In
Persian].


https://doi.org/10.22059/ijfcs.2013.36146
https://doi.org/10.22092/ijrfpbgr.2007.114958
https://doi.org/10.22092/spij.2017.111179

VY Olsls iy 5 ol oplad 003 5 Jlo €8T ot 3 5 (055056 Y

Alizad Dizaj, K., Lamei, J., Bahrami, S., Neyestani, E., Shabani, A., Shahbazi, S., & Ebn-Abbasi, R.
(2016). New forage cultivar from vicia panonica entitle Lamei suitable for autumn planting in cold
temperate drylands of Iran. Research Achievements for Field and Horticulture Crops, 5(1), 61-69.
10.22092/RAFHC.2016.109598 [In Persian].

Alizadeh, K. (2019). The annual forage crops under dryland conditions - A review. lranian Journal of
Dryland Agriculture, 8(1), 95-113. 10.22092/IDAJ.2019.124675.245 [In Persian].

Alizadeh, K., & Shahbazi, S. (2016). Selection of suitable local vetch genotypes for winter planting
under Maragheh rainfed conditions. lIranian Journal of Dryland Agriculture, 4(2), 181-188.
10.22092/IDAJ.2016.106100 [In Persian].

De la Rosa, L., Lépez-Roman, M. I., Gonzéalez, J. M., Zambrana, E., Marcos-Prado, T., & Ramirez-
Parra, E. (2021). Common vetch, valuable germplasm for resilient agriculture: Genetic
characterization and Spanish core collection development. Journal of Frontiers in Plant
Science, 12, 617873. https://doi.org/10.3389/fpls.2021.617873

Hanelt, P. & Mettin, D. (1989). Biosystematics of the genus Vicia L.(Leguminosae). Annual Review of
Ecology and Systematics, 20(1), 199-223. https://doi.org/10.1146/annurev.es.20.110189.001215

Hasanvand, M., Ashraf Jafari, A., Sepahvand, A., & Nakhjavan, S. (2010). Study for yield and quality
traits in 6 domestic populations of common vetch (Vicia sativa) grown under optimum and dry land
farming system in Lorestan, Iran. Iranian Journal of Rangeland and Desert Research, 46(4), 517-
535. https://www.cabdirect.org/cabdirect/abstract/20103275627 [In Persian].

Ibafiez, S., Medina, M. I., & Agostini, E. (2020). Vicia: A green bridge to clean up polluted
environments. Journal ~ of  Applied  Microbiology and  Biotechnology, 104,  13-21.
https://doi.org/10.1007/s00253-019-10222-5

Imani, A. A., Jafari, A. A., Chokan, R., Asgari, A., & Darvish, F. (2009). Selection indices application
to improve tall fescue synthetic varieties for yield and quality traits in Ardebil province. Iranian
Journal of Rangelands and Forests Plant Breeding and Genetic Research, 16(2), 273-284.
https://ijrfpbgr.areeo.ac.ir/article_9675 en.html [In Persian].

Jahufer, M. Z. Z., & Casler, M. D. (2015). Application of the Smith-Hazel selection index for
improving biomass yield and quality of switchgrass. Journal of Crop Science, 55(3), 1212-1222.
https://doi.org/10.2135/cropsci2014.08.0575

Javadi, H., Shanjani, P. S., Hoseini, L. F., & Yeganeh, M. R. (2022). Evaluation of morphological and

yield traits in the populations of Vicia spp. Revista Mexicana de Ciencias Pecuarias, 13(4), 846-
865. https://doi.org/10.22319/rmcp.v13i4.6125

Javanmard, A., Nikdel, H., & Amani Machiani, M. (2019). Evaluation of forage quantity and quality
in domestic populations of hairy vetch (vicia villosa L.), vetch (vicia sativa L.) and caspian vetch
(vicia hyrcanica) under rainfed condition. Journal of Agricultural Science and Sustainable
Production, 29(1), 15-31. https://sustainagriculture.tabrizu.ac.ir/article_8747.html [In Persian].

Karimzadeh Negari, Z., Sahhafi, S. R., & Dahajipour Heidarabadi, M. (2022). Salinity tolerance in
some bitter vetch ecotypes in germination stage. Journal of Crop Breeding, 14(42), 43-52.
10.52547/jcb.14.42.43 [In Persian].


https://doi.org/10.22092/rafhc.2016.109598
https://doi.org/10.22092/idaj.2019.124675.245
https://doi.org/10.22092/idaj.2016.106100
https://doi.org/10.3389/fpls.2021.617873
https://doi.org/10.1146/annurev.es.20.110189.001215
https://www.cabdirect.org/cabdirect/abstract/20103275627
https://ijrfpbgr.areeo.ac.ir/article_9675_en.html
https://doi.org/10.2135/cropsci2014.08.0575
https://doi.org/10.22319/rmcp.v13i4.6125
https://sustainagriculture.tabrizu.ac.ir/article_8747.html
http://dx.doi.org/10.52547/jcb.14.42.43

\ny OLHer 5 (s mfouﬂ,:ﬁﬁuqi,;@a_;d:,'u‘_;u@f,'l(ViciaL.)ai‘:u‘_;u%,;;d;;}:e@sw“

Lima, G. W, Silva, C. M., Mezzomo, H. C., Casagrande, C. R., Olivoto, T., Borem, A., & Nardino,
M. (2022). Genetic diversity in tropical wheat germplasm and selection via multitrait
index. Agronomy Journal, 114(2), 887-899. https://doi.org/10.1002/agj2.20991

Ma, L., Wang, X., Yan, M., Liu, F., Zhang, S., & Wang, X. (2022). Genome survey sequencing of
common vetch (Vicia sativa L.) and genetic diversity analysis of Chinese germplasm with genomic
SSR markers. Molecular Biology Reports, 49(1), 313-320. https://doi.org/10.1007/s11033-021-
06875-z

Majidi, M. M., Dehghan Kouhestani, R., & Veisipoor, A. (2014). Direct and indirect selection for
forage yield and its components in sainfoin under normal and drought stress conditions. Journal of
Crop Production and Processing, 4(12), 307-319. https://jcpp.iut.ac.ir/article-1-2162-en.html [In
Persian].

Maxted, N. (1993). A phenetic investigation of Vicia L. subgenus Vicia (Leguminosae,
Vicieae). Botanical Journal of the Linnean Society, 111(2), 155-182.
https://doi.org/10.1111/j.1095-8339.1993.tb01897.x

Ministry of Jihad Agriculture (2022). Agricultural statistics. Vol. 1: Crops. Statistics and information
technology office, deputy of planning and economy. Ministry of Jihad Agriculture. [In Persian].

Mirfakhraee, N., Moghaddam, M., Aharizad, S., & Razban Haghighi, A. (2010). Evaluation of Vicia
dassycarpa genotypes under drought stress conditions. Journal of Agricultural Science and
Sustainable Production, 2(20), 133-141.
https://sustainagriculture.tabrizu.ac.ir/article_1408.html?lang=en [In Persian].

Monirifar, H. (2010). Evaluation of selection indices for Alfalfa (Medicago sativa L.). Notulae
Scientia Biologicae, 2(1), 84-87. https://doi.org/10.15835/nsb213563

Monirifar, H. (2016). Identification of suitable forage legumes for planting during fallow in rainfed
land areas. Journal of Agricultural Science and Sustainable Production, 25(4), 47-58.
https://sustainagriculture.tabrizu.ac.ir/article_4490.html?lang=en [In Persian].

Nardino, M., Perin, E. C., Aranha, B. C., Carpes, S. T., Fontoura, B. H., de Sousa, D. J. P., & Freitas,
D. S. D. (2022). Understanding drought response mechanisms in wheat and multi-trait
selection. Plos One, 17(4), e0266368. https://doi.org/10.1371/journal.pone.0266368

Olivoto, T., & Lucio, A. D. C. (2020). Metan: An R package for multi-environment trial
analysis. Journal of Methods in Ecology and Evolution, 11(6), 783-789.
https://doi.org/10.1111/2041-210X.13384

Olivoto, T., & Nardino, M. (2021). MGIDI: Toward an effective multivariate selection in biological
experiments. Bioinformatics, 37(10), 1383-1389. 10.1093/bioinformatics/btaa981

Pour-Aboughadareh, A., & Poczai, P. (2021). Dataset on the use of MGIDI index in screening
drought-tolerant wild wheat accessions at the early growth stage. Data in Brief, 36, 107096.
https://doi.org/10.1016/j.dib.2021.107096

Rastegari, E., Maddah Hosseini, S., & Azari, A. (2017). The effect of irrigation intervals on vegetative
growth and grain yield of grass pea and hairy vetch. Journal of Crops Improvement, 19(1), 55-68.
https://doi.org/10.22059/jci.2017.60392 [In Persian].


https://doi.org/10.1002/agj2.20991
https://doi.org/10.1007/s11033-021-06875-z
https://doi.org/10.1007/s11033-021-06875-z
https://jcpp.iut.ac.ir/article-1-2162-en.html
https://doi.org/10.1111/j.1095-8339.1993.tb01897.x
https://sustainagriculture.tabrizu.ac.ir/article_1408.html?lang=en
https://doi.org/10.15835/nsb213563
https://sustainagriculture.tabrizu.ac.ir/article_4490.html?lang=en
https://doi.org/10.1371/journal.pone.0266368
https://doi.org/10.1111/2041-210X.13384
https://doi.org/10.1093/bioinformatics/btaa981
https://doi.org/10.1016/j.dib.2021.107096
https://doi.org/10.22059/jci.2017.60392

\F"‘Qt.m.»ugwjawA)Mﬁ:jhdbadir}@y}mfu \ng

Shirzad, A., Asghari, A., Zali, H., Sofalian, O., & Mohammaddoust Chamanabad, H. R. (2023).
Application of the multi-trait genotype-ideotype distance index in the selection of top barley
genotypes in the warm and dry region of Darab. Journal of Crop Breeding, 14(44), 65-76.
10.52547/jcb.14.44.65 [In Persian].

Smith, H. F. (1936). A discriminant function for plant selection. Annals of Eugenics, 7(3), 240-250.
https://doi.org/10.1111/j.1469-1809.1936.th02143.x

Sun, W. H., Wu, F. F., Cong, L., Jin, M. Y. & Wang, X. G. (2022a). Assessment of genetic diversity
and population structure of the genus Vicia (Vicia L.) using simple sequence repeat
markers. Grassland Science, 68(3), 205-213. https://doi.org/10.1111/grs.12356

Sun, Y., Li, J.,, Xing, J., Yu, X., Lu, Y., Xu, W, ... & Guo, Z. (2022b). Evaluation of salt tolerance in
common vetch (Vicia sativa L.) germplasms and the physiological responses to salt stress. Journal
of Plant Physiology, 278, 153811. https://doi.org/10.1016/j.jplph.2022.153811

Uddin, M. S., Billah, M., Afroz, R., Rahman, S., Jahan, N., Hossain, M. G., ... & Hossain, N. (2021).
Evaluation of 130 Eggplant (Solanum melongena L.) genotypes for future breeding program based
on qualitative and quantitative traits, and various genetic parameters. Horticulturae, 7(10), 376.
https://doi.org/10.3390/horticulturae7100376

Van de Wouw, M., Maxted, N. & Ford-Lloyd, B.V. (2003). A multivariate and cladistic study of Vicia
L. ser. Vicia (Fabaceae) based on analysis of morphological characters. Plant Systematics and
Evolution, 237, 19-39. https://doi.org/10.1007/s00606-002-0247-4

Xie, C., Xu, S., & Mosjidis, J. A. (1997). Multistage selection indices for maximum genetic gain and
economic efficiency in red clover. Euphytica, 98, 75-82. https://doi.org/10.1023/A:1003074814916

Yan, W., & Frégeau-Reid, J. (2018). Genotype by yield*trait (GYT) biplot: a novel approach for
genotype selection based on multiple traits. Journal of Scientific Reports, 8(1), 1-10.
https://doi.org/10.1038/s41598-018-26688-8

Yildirim, C., Okuus, O., Sati, U. Z. U. N., Turkay, S. N., Ahmet, S. A. Y., & Bakir, M. (2022).
Genetic characterization of some species of vetch (vicia L.) grown in Turkey with SSR
markers. Journal of Agricultural Sciences, 28(3), 518-524.
https://doi.org/10.15832/ankutbhd.934655


http://dx.doi.org/10.52547/jcb.14.44.65
https://doi.org/10.1111/j.1469-1809.1936.tb02143.x
https://doi.org/10.1111/grs.12356
https://doi.org/10.1016/j.jplph.2022.153811
https://doi.org/10.3390/horticulturae7100376
https://doi.org/10.1007/s00606-002-0247-4
https://doi.org/10.1023/A:1003074814916
https://doi.org/10.1038/s41598-018-26688-8
https://doi.org/10.15832/ankutbd.934655



