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Simple Summary

Wheat is one of the most important crops for both farmers and consumers in Turkey and
around the world. Many local wheat varieties, also known as landraces, are still grown by
farmers in the Van Lake Basin of Eastern Anatolia. These varieties are the result of centuries
of farmer selection and adaptation to the local environment. In this study, we collected
588 wheat samples from 127 farmer fields around the basin and compared them based on
simple visible traits such as the length of the spike, number of seeds, color of the glumes
and awns, and grain size. By using a method that allows us to group plants based on
similarities, we found that most local wheat varieties were similar to each other, but some
showed clear differences. This means that the wheat varieties grown by farmers are not
all the same but still carry valuable variation. Such diversity is important because it helps
wheat adapt to challenges, such as drought, cold, or poor soils. Our findings highlight the
cultural and agricultural importance of these landraces and show that they can serve as a
valuable source of new traits for breeding improved wheat varieties in the future.

Abstract

Wheat landraces are considered a valuable resource of potential phenotypic variation that
could be used in germplasm improvement. Here, we examined 588 local wheat genotypes
collected from farmers’ fields at 127 locations around Van Lake Basin and evaluated the
morphological diversity and trait associations using Multidimensional Scaling Analysis.
Spike and yield traits were measured and scored according to the UPOV and ICARDA
phenotypic characterization criteria. Multidimensional Scaling Analysis divided the wheat
samples into four main groups based on the number of spikelets (NOS), number of fertile
spikelets (NFS), thousand-grain weight (TGW), and number of seeds per spike (NSS) and
indicated a strong correlation between NOS and NFS. Furthermore, the analysis revealed
that the glume and awn color of most of the genotypes was black, and they were within the
locally known Karakılçık group. Only two genotypes were excluded from the Karakılçık
group; No. 231 was within the Geverik local wheat group, and genotype No. 579 was
found to be Tir. The Hevidik and Kirik groups had the same spike color, but the Hevidik
group had spikes similar to compactum wheat, whereas the Kirik group had larger spikes.
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Finally, genotype No. 57 varied from all other genotypes when all the measured traits were
taken into consideration. Overall, the Van Lake Basin landraces combine broad similarity
with meaningful phenotypic heterogeneity shaped by local environments and traditional
on-farm selection. These findings provide practical cues for conservation efforts and for
the use of landraces as valuable resources in future wheat breeding programs.

Keywords: wheat; morphological diversity; phenotypic variation; local landraces; spike
traits; multidimensional scaling analysis; Van Lake Basin

1. Introduction
Wheat is one of the most cultivated crops in the world and in Turkey. The world’s total

production in 2021 was more than 770.8 million tons harvested from 220.7 million hectares,
and 17.65 million tons from 6.62 million hectares in Turkey [1]. It is a strategic crop and a
critical source of calories and carbohydrates and contains a considerable amount of a range
of elements that are crucial for health, such as protein, vitamins (especially B vitamins),
dietary fiber, and phytochemicals [2,3]. Wheat is the primary source of food, energy, and
protein for 40% of the global population, particularly in Europe, North America, and the
western and northern portions of Asia.

Wheat landraces are populations that have developed in subsistence farming com-
munities as a result of “millennia-long,” “artificial” human selection, mediated by human
migration, exchanging seeds, and natural selection [4]. Their adaptability to specific
agro-climatic conditions while maintaining considerable diversity between and within
populations constitutes a reservoir of genetic and phenotypic diversity that is essential
for the future of breeding as well as for the development of new agricultural systems and
new products [5]. Landraces are gaining popularity due to the loss of phenotypic and
genetic diversity caused by the Green Revolution, conventional breeding, and industrial
agriculture. As a result, understanding their genetic diversity and preserving it for future
generations is critical.

Turkey holds a significant position in terms of plant genetic resources. Since the
beginning of the twentieth century, diversity in Turkish wheat has attracted considerable
scientific attention. Several researchers conducted early exploration and collection missions
to obtain and evaluate local germplasm [6,7]. Two of the gene centers—the Mediterranean
and Near East—intersect in present-day Turkey [8]. Bonjean and colleagues emphasized
that a large part of this region falls within the Fertile Crescent, which is considered the
primary center of wheat origin and diversification [9]. Molecular analyses further support
this hypothesis. Heun et al. (1997) identified the Karacadağ region in southeastern Turkey
as a likely site for the initial domestication of einkorn wheat [10]. Similarly, Özkan et al.
(2011) and Salamini et al. (2002) highlighted the significance of Turkish germplasm in
the domestication of emmer wheat through genetic and geographical evidence [11,12].
Archaeobotanical findings also confirm that wheat was cultivated in Anatolia for over
10,000 years before its global spread [13,14].

The Van Lake Basin, located in Eastern Anatolia and near the heart of the Fertile
Crescent, harbors considerable genetic diversity in wild and cultivated Triticeae species.
Historically, the basin served as an important agricultural hub, especially during the
Urartian period. Archaeobotanical excavations at key Urartian sites—such as Ayanis and
Yoncatepe—have revealed charred remains of barley, hulled wheats, and free-threshing
wheats, indicating a long-standing cereal cultivation tradition in the region [15,16]. These
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findings suggest that the Van Lake Basin has long been a center for wheat diversity and
continues to be a valuable reservoir for genetic resources.

Turkey, as a renowned agricultural country, should sustain and expand its current grain
production potential for the benefit of both its people and the global population. However,
production is not at the projected level, even though it is self-sufficient in wheat [17]. Global
climate change has resulted in a significant decline in wheat productivity, and it is expected
that extreme drought scenarios, higher temperatures, and severe disease will have a greater
influence on plant production than now. To tackle these challenges, it is necessary to create
new cultivars with resistance genes to biotic and abiotic stress. Landraces are frequently
more stress-tolerant than current cultivars and constitute an important source of germplasm
for meeting the demands of sustainable agriculture in the face of climate change [18,19].

This study represents the first systematic and extensive collection effort targeting local
wheat landraces in the Van Lake Basin. Farmers traditionally named the genotypes they
cultivated based on spike morphology, assigning names, such as Kirik, Hevidik, Geverik,
Karakılçık (Black awn), Tir, and Toptopik. However, field evaluations revealed that several
morphological and physiological traits of the populations were not well known to farmers,
indicating that traditional naming does not always reflect underlying phenotypic variation.
Similar observations have been made in other regions, where farmer-assigned names do not
necessarily capture the intra-population genetic or morphological diversity [20]. Until now,
there has been no quantitative information available regarding the species composition and
morphological variation of wheat landraces grown in the Van Lake Basin. In this study,
we provide such data by analyzing a large number of samples and assessing phenotypic
diversity and trait associations based on spike and grain morphological characteristics.
This approach aligns with prior work on Turkish wheat landraces, which has demonstrated
considerable phenotypic and genetic diversity across different agroecological zones [21,22].
The objective of this study was to characterize the phenotypic variation among wheat
landraces collected from the Van Lake Basin based on spike and grain morphological traits.
Using Multidimensional Scaling (MDS), we aimed to identify major trait associations and
to evaluate whether traditional farmer classifications (e.g., Karakılçık, Tir, Hevidik, Kirik)
are reflected in morphological groupings. Although landrace studies often emphasize
genetic diversity, our work focuses solely on morphological characteristics as indicators
of phenotypic diversity. We did not perform genetic analyses in this study but instead
concentrated on spike and grain morphological traits to capture phenotypic variation.

2. Materials and Methods
2.1. Plant Sampling and Measurements

In this study, 588 individual wheat spikes were collected from 127 farmer fields
(Figure 1) across the Van Lake Basin region (Turkey). Instead, each distinct spike morphol-
ogy sampled from a given location was considered a separate genotype. The geographical
coordinates and altitudes of all sampling sites were recorded and are presented in Supple-
mentary Table S3.

A total of 588 individual spikes representing each population were classified. The
spikes were prepared to examine the spike length, total number of spikelets, number of
fertile spikelets, ratio of awn to spike at the tip of the spike, spike density, awn color,
glume color, glume hairiness in sterile spikelet, grain characteristics (color, shape, size,
vitreousness, fullness), number of grains per spike, and thousand-grain weight (Table 1).
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Figure 1. Elevation map of the Lake Van Basin showing that the genotype collection area is mostly
between 1700 and 2100 m.

Table 1. Definitions and descriptions of the evaluated traits.

Characteristics Abbreviations Classification and scoring

Ratio of awn to spike at the tip of the spike ASR 0: awn-less 1: shorter 2: equal 3: longer

Spike density EAD 1: very lax 3: lax 5: medium 7: dense 9: very dense

Awn color AWC
0: awn-less 1: white 2: light brown 3: brown 4:
brown-white 5: white-black 6: brown-black 7:

white-purple 8: purple-brown

Glume color GLC

1: white 2: red-brown 3: purple-black 4:
white-purple 5: white-black 6: white-brown 7:

red-brown 8: black 9: brown-black 10: brown 11:
brown-purple 12: red-black 13: black-purple 14:

red-purple 15: white-red

Glume hairiness in sterile spikelet GLH 0: smooth 3: low 7: high

Grain color GRC 1: white 2: red 3: amber

Grain shape GRSH 3: rounded 5: ovoid 7: elongated

Grain size GRS 3: small 5: medium 7: large 9: very large

Vitreousness of grain GVI 3: non-vitreous 5: partially vitreous 7: vitreous

Fullness of grain GRF 3: plump 5: medium 7: wrinkled

Spike length (cm) SPL

Number of spikelets NOS

Number of fertile spikelets spike-1 NFS

Number of seeds spike-1 NSS

Grain yield spike-1 (g) GRY

Thousand-grain weight (g) TGW

Qualitative traits were scored according to UPOV and ICARDA guidelines on a 1–9 scale, where 1 = very
low/absent and 9 = very high/intense. Traits include awn-to-spike ratio at the tip of the spike, ear density, awn
color, glume color, glume hairiness in sterile spikelet, seed color, seed shape, seed size, vitreousness of grain, and
fullness of grain.
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To interpret stress values, the minimal (adequate) number of dimensions was cal-
culated using the Kruskal stress classification table, which delivers fit desired goodness.
These parameters were measured and scored according to the UPOV (International Asso-
ciation for Conservation of New Plant Varieties) and ICARDA (International Center for
Agricultural Research in the Dry Areas) phenotypic characterization criteria with some
modifications [23,24]. Each sample was processed at the Plant Physiology Lab of the
Department of Field Crops, Yuzüucu Yıl University, Turkey. The spike length (cm) was
measured from the base of the spike at the place of the first spikelet on the rachis until the
top of the final spikelet without the awn. The total number of spikelets was determined
by counting all spikelets one by one from the base to the tip of the spike. The number of
fertile spikelets was calculated by subtracting sterile spikelets from the total number of
spikelets per spike. The ratio of awn to spike at the tip of the spike (Figure 2a), spike density
(Figure 2b), glume hairiness on sterile spikelet, grain color, shape, size, and fullness were
visually measured. All morphological parameters, their abbreviations, and measurement
units are summarized in Table 1.

Figure 2. Assessing the ratio of awn to spike at the tip (a) and spike density (b).

The grain was cut in half, and vitreousness was examined. The spikes were threshed
individually to count the number of grains per spike, grain yield per spike, and thousand-
grain weight (g). All samples were grouped based on the mentioned measured parameters.
Plants were labeled based on the sampling location, the sample number within that location,
and the variation observed among collected samples from the same population. For
example, ‘Ahlat 2-10’ denotes the 10th plant sampled from the second population collected
in the Ahlat region. When available, the local name is reported in brackets after the sample
name, e.g., ‘Ahlat 2-10 (Black awn).’

2.2. Statistical Analysis

The scored and measured traits were analyzed using Multidimensional Scaling Anal-
ysis (MDS), a graphical technique used to visualize the proximity of objects in a low-
dimensional space. In this method, each point represents a scored parameter or variable,
and the distance between two points reflects their similarity or dissimilarity. Thus, closely
positioned points indicate high similarity, whereas distant points indicate greater differ-
ences. MDS has been widely applied in agricultural research to assess trait-based variability
and to classify genotypes according to phenotypic similarities [25,26]. In the present study,
MDS was performed to investigate the relationships among the spike traits used for charac-
terization and to classify these variables according to their similarities.
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Two distinct goodness-of-fit criteria, the coefficient of determination (R2) and the stress
coefficient, were used to evaluate the adequacy of the MDS model. To interpret stress
values, the minimal (adequate) number of dimensions was determined according to the
Kruskal stress classification table, which provides a guideline for model fit [26]. Statistical
analyses were conducted using SPSS software (version 27.0) [27] and R statistical software
(version 4.1.2) [28–30].

3. Results
Table 2 shows the minimal (adequate) number of dimensions, calculated by the Kruskal

stress classification table.

Table 2. Descriptive statistics for wheat landrace samples’ quantitative traits.

Parameter n Mean Std. Error of the
Mean Min Max Skewness Kurtosis

Spike length (SPL) 588 8.91 1.79 3.60 15.10 −0.33 0.39
Number of spikelets (NOS) 588 16.02 3.03 6.00 23.00 −0.27 −0.34

Number of fertile spikelets per spike (NFS) 588 14.30 3.44 5.00 23.00 −0.16 −0.30
Number of seeds per spike (NSS) 588 31.97 10.26 8.00 64.00 0.30 −0.10

Grain yield per spike (GRY) 588 1.47 0.61 0.30 3.55 0.58 0.04
Thousand-grain weight (TGW) 588 45.29 8.58 22.14 68.08 −0.15 −0.54

Abbreviations are defined in Table 1. Quantitative traits are presented here with descriptive statistics.

The mean values of spike length (cm), number of spikelets, number of fertile spikelets
per spike, number of seeds per spike, grain yield per spike (g), and thousand-grain weight
(g) of 588 individual plants collected from the 127 wheat landrace samples are given in
Table S1. Non-numerical traits, including the ratio of awn to spike at the tip of the spike,
spike density, awn color, glume color, glume hairiness in a sterile spikelet, seed color, seed
shape, seed size, vitreousness of the grain, and fullness of grain are presented in Table S2.
Table 3 and Figure 3 present the descriptive statistics of the plant samples.

Table 3. Frequency (%) of sensory characteristics by corresponding classification codes.

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Ratio of awn to spike at the tip
(ASR) 8.8 85.7 1.6 3.9

Spike density (EAD) 0.0 2.4 33.0 48.8 15.8

Awn color
(AWC) 9.0 15.8 17.3 1.9 7.0 10.2 16.7 19.0 3.1

Glume color (GLC) 16.2 18.6 0.2 32.8 7.7 7.7 2.6 2.7 3.3 0.5 6.8 0.2 0.3 0.2 0.2

Glume hairiness (GLH) 81.3 18.2 0.5

Glume shape (GRC) 11.7 5.0 83.3

Glume shoulder shape (GRSH) 17.0 81.0 2.0

Glume shoulder form (GRS) 13.3 78.1 8.3 0.3

Glume beak shape (GVI) 31.3 47.1 21.6

Grain form (GRF) 9.2 83.8 7.0
Abbreviations correspond to trait definitions provided in Table 1. Numeric class codes represent trait-specific
categories, which differ by trait (e.g., ASR: 0 = awn-less, 1 = shorter, 2 = equal, 3 = longer; AWC: 0 = awn-less,
1 = white, 2 = light brown, etc.). Quantitative traits (SPL, NOS, NFS, NSS, GRY, TGW) are reported separately in
Table 2 as descriptive statistics, while Table 3 presents the frequency distribution of categorical traits.
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Figure 3. Frequency distributions of selected spike and grain traits among 588 wheat landraces from
the Van Lake Basin. (a) Awn color (AWC); (b) glume color (GLC); and (c) glume shoulder form
(GRS). These graphical summaries complement Table 3 and provide a clearer visualization of major
morphological differences.

The ratio of awn to spike at the tip of the spike frequency of the landraces with an
average of awn-less (0), shorter (1), equal (2), and longer (3) was 8.8, 85.7, 1.6, and 3.9,
respectively. EAD frequency was 0 for very lax (1), 2.4 for lax (3), 33.0 for medium (5),
48.8 for dense (7), and 15.8 for very dense (9). As described in Table 3, the frequency of the
genotypes with an average AWC of was 9.0 for awn-less (0), 15.8 for white (1), 17.3 for light
brown (2), 1.9 for brown (3), 7.0 for brown-white (4), 10.2 for white-black (5), 16.7 for brown-
black (6), 19.0 for white-purple (7), and 3.1 for purple-brown (8). The GLC frequency was
16.2 for white (1), 18.6 for red-brown (2), 0.2 for purple-black (3), 32.8 for white-purple (4),
7.7 for white-black (5), 7.7 for white-brown (6), 2.6 for red-brown (7), 2.7 for black (8), 3.3 for
brown-black (9), 0.5 for brown (10), 6.8 for brown-purple (11), 0.2 for red-black (12), 0.3 for
black-purple (13), 0.2 for red-purple (14), and 0.2 for white-red (15). The GLH frequency for
smooth hairiness (0), low (3), and high (7) was 80.7, 19.0, and 0.3, respectively. The GRC fre-
quency was 11.7 for white (1), 5.0 for red (2), and 83.3 for amber (3). GRSH frequencies were
17.0, 81.0, and 2.0 for rounded (3), ovoid (5), and elongated (7), respectively. The GRS fre-
quency was 13.3 for small (3), 78.1 for medium (3), 8.3 for large (7), and 0.3 for extra-large (9).
The GVI frequency was 31.3 for non-vitreous (3), 47.1 for partially vitreous (5), and
21.6 for vitreous (7). Finally, GRF frequencies were 9.2. 83.8, and 7.0 for plump (3),
medium (5), and wrinkled (7), respectively.

The mean SPL of all of the genotypes studied was 8.91 ± 1.79 cm (Table 2). The
assessed plant samples showed a large variation in spike length between 3.6 cm in wheat
landrace sample Ahlat 6-7 and Muradiye 7-5 (Hevidik) to 15.1 cm in sample Ozalp 22-5
(Tir) (Supplementary Table S1). The NOS ranged from 6 [Mus 6-1 (Tir)] to 23 [Ozalp 11-9
(Black awn). Van 6-1 (Black awn)] with an average of 16.02 ± 3.03. The mean NFS of all of
the genotypes studied was 14.30 ± 3.44. The assessed plant samples showed variation in
parameters between 5 in wheat landrace samples Mus 10-2 (Geverik), Mus 16-1 (Hevidik),
Mus 6-1 (Kirik), Mus 2-3 (Tir), and Mus 8-5 (Tir) to 23 in the sample Van 6-1 (Black awn).
The value of NSS ranged from 8 seeds in the samples Van 10-3 (black awn) and Mus 10-3
(Kirik) to 64 seeds in Ozalp 15-3 (Black awn) and Ozalp 22-5 (Tir). with a mean value of
31.97 ± 10.26.

The Multidimensional Scaling Analysis (MDS) technique was performed to determine
similar/dissimilar traits and wheat genotypes. The usefulness of the MDS technique
for analyzing the relationships among wheat characteristics and detecting comparable
and dissimilar varieties was determined using three separate goodness-of-fit criteria: R2

(variance accounted for), stress coefficient, and degeneracy indices [26,31]. R2, Kruskal’s
stress coefficient, and degeneracy indices results (0.084, 95.24%, and 0.43, respectively)
revealed that the MDS technique was a good choice in evaluating the interested relations.
the principal fit indices obtained from the multidimensional scaling (MDS) analysis. The
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solution reached convergence after 100 iterations. producing a final objective function value
of 0.420, which decomposes into a stress component of 0.084 and a penalty component
of 2.079. To appraise the adequacy of the low-dimensional configuration, supplementary
diagnostics are reported: normalized stress (0.0066), Kruskal’s Stress-I (0.081) and Stress-II
(0.398), and Young’s S-Stress-I (0.0828) and S-Stress-II (0.212). According to Kruskal’s
classification, Stress-I values below 0.10 and normalized stress below 0.05 indicate a good
to excellent fit, confirming that the MDS configuration reliably represents the relationships
among traits, despite slightly higher Stress-II values. Collectively, these metrics attest to a
satisfactory approximation of the original dissimilarities, with relatively low stress values
indicating that the reduced-dimensional representation faithfully preserves the underlying
proximity structure [26,32,33].

According to the MDS results presented in Figure 4, the measured wheat spike traits
were clustered into four distinct groups. The NOS (number of spikes per plant) and NFS
(number of fertile spikelets) were placed in the same group, indicating a strong positive
association between these two parameters. Similarly, other traits that appeared in the
same cluster reflect mutual relationships or correlations. In contrast, TGW (thousand grain
weight) and NSS (number of spikelets per spike) were positioned at distant locations in
the plot, clearly separated from the remaining traits. This separation suggests that TGW
and NSS are the most discriminative traits for differentiating among genotypes. Besides
these, NOS and NFS also contribute to distinguishing genotypes, although many genotypes
remain similar with respect to most of the other measured spike traits.

Figure 4. Multidimensional Scaling (MDS) plot showing the relationships among measured spike
traits of 588 local wheat genotypes. Each number corresponds to a spike trait (e.g., 1 = NSS, 2 = TGW,
etc.; see Table 1). Traits located closer together indicate stronger similarity, whereas those positioned
further apart highlight greater differentiation.

Figure 5 depicts which genotypes are similar and which are distinct when all the
measured traits are considered together. As seen in Figure 4, genotype 57 is positioned
fairly far away from the other genotypes, indicating that it is distinct from the others.
Genotypes 310 and 316, as well as genotypes 579 and 231, were divided into distinct groups,
whereas the remaining genotypes formed their own. As a result, genotypes 310 and 316, as
well as genotypes 579 and 231, can be considered the most distinct genotypes in comparison
to the other genotypes after genotype 57.
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Figure 5. Multidimensional Scaling (MDS) plot of 588 local wheat genotypes based on all measured
spike traits. Each number represents a genotype ID, and circles indicate clusters of genotypes with sim-
ilar trait profiles. Dimension 1 and Dimension 2 account for the relative distances among genotypes,
where closer positions denote higher similarity and distant points indicate stronger dissimilarity.

Genotypes 57, 310, and 316 are among the “black awn” group, which are locally known
as Karakılçık wheat (Black awn) in the region. The majority of the genotypes gathered
in the region belonged to the black awn group, which was more varied than other local
genotype groups. The MDS analysis revealed that the 57, 310, and 316 genotypes varied
in their characteristics compared to the other genotypes, even though they were in the
same local group. Furthermore. genotypes 231 and 579 differed from the other genotypes,
although they were identical. Two further local wheat groups were detected; genotype
No. 231 was inside the Geverik local wheat group, while genotype No. 579 was discovered
to be Tir.

Hevidik and Kirik’s local wheat groups revealed similarities, whereas all other groups
were dissimilar from one another (Figure 6). The spikes of wheat in the Hevidik group
were similar to the compactum wheat and had a dense spike structure, and the glume color
was white and red. The Kirik wheat group had larger spikes than the Hevidik group and
had a similar white and red glume color. Geverik, Black awn, Tir, and Toptopik local wheat
groups differed from one another.

Figure 6. Multidimensional Scaling (MDS) plot illustrating the similarities and differences among
six distinct local wheat landraces. Each point corresponds to a landrace traditionally known in the
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region by the following local names: 1 = Geverik, 2 = Hevidik, 3 = Karakılçık, 4 = Kirik, 5 = Tir,
and 6 = Toptopik. The relative distances on Dimension 1 and Dimension 2 axes indicate phenotypic
similarities, with closer positions reflecting greater resemblance in spike traits, while more distant
positions highlight stronger differentiation.

4. Discussion
The Van Lake Basin, where the study was conducted, is a confined basin located in

Turkey’s Eastern Anatolia Region. The basin is formed by the streams that flow into Van
Lake. So far, Mirza Gokgol completed the most extensive study on indigenous wheat in
the basin in the 1930s, in comparison to other locations in Turkey [34]. Researchers and
national and international organizations showed less interest in collecting missions and
conducting academic studies on the local wheat of the Van Lake Basin. Gokgol reported
that the basin is rich in landraces and has some unique varieties [35]. The Karakılçık wheat
samples had a black awn and glume, which differed from those in other places. Gokgol
also identified a local wheat variety with a long coleoptile, Tir (Triticum aestivum L. ssp
vulgare Vill. v. leucospermum Körn), which only exists in the basin [21]. MDS analysis was
used to determine which wheat landraces the gathered wheat genotypes belonged to, as
well as the differences across local variations. MDS analysis supports the results stated
above, and as a result of the MDS analysis, it was observed that the local wheat varieties
grown in the basin were divided into different groups.

Throughout Anatolia, wheat landraces have traditionally been named according to
their spike morphology. However, field investigations in this study revealed that most
farmers in the region commonly refer to various cultivated local wheat forms as Tir wheat.
This naming convention is linked to a traditional planting technique known as the Tir
sowing method—a region-specific deep-furrow sowing practice that has been passed down
through generations [36]. Wheat varieties suited for this method typically possess long
coleoptiles, a trait associated with Tir and Karakılçık landraces. Consequently, farmers tend
to classify all such adapted varieties under the general label of Tir wheat, regardless of their
precise genetic identity.

Over time, on-farm practices, such as field mixing, harvesting and threshing processes,
transportation, and storage, have contributed to increasing heterogeneity within landrace
populations. The present study indicates that what is locally referred to as Tir wheat is not a
single variety but a genetically and morphologically mixed population. This population
comprises several distinct local forms, including Tir, Karakılçık (Black awn), Kirik, Hevidik,
Geverik, and Toptopik. Interestingly, some of these names—Tir, Karakılçık, Kirik, and
Hevidik—also appear in the early wheat collection records documented by Gökgöl (1939),
highlighting a continuity between historical classifications and current folk taxonomy [34].

Our observations indicate that local wheat populations in the basin exhibit consid-
erable variation in glume and awn color, traits widely used as taxonomic markers in
wheat [23]. Glume pigmentation not only reflects morphological diversity but also cor-
relates with environmental adaptation. For instance, recent studies have demonstrated
that glumes exposed to intense solar radiation exhibit enhanced photoprotective capacities,
including increased thermal dissipation and sustained photosynthetic efficiency under
high light and temperature stress [37]. These results are consistent with previous findings
showing that morphological variation in wheat landraces is strongly shaped by environ-
mental conditions. Genotype × environment interactions have been shown to significantly
influence grain and spike traits [36,37]. More recent work further confirmed that traits such
as thousand-kernel weight, grain yield, and number of productive tillers exhibit significant
genotype × environment effects under variable water and nitrogen conditions [38]. Ad-
ditionally, genetic research has identified specific loci (e.g., Rg genes in hexaploid wheat)
responsible for red and dark glume coloration, which are thought to contribute to stress
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resilience and phenological adjustment [39]. Van Province, situated at a high altitude with
above-average solar irradiation, presents ideal conditions for selecting such pigmentation
traits [23]. Consequently, the observed variation in glume and awn coloration among local
landraces likely reflects adaptive responses to the region’s high solar energy regime. In
addition to solar radiation, the Van Lake Basin sampling sites spanned elevations from
1183 to 2179 m a.s.l. (Supplementary Table S3). Elevation gradients are known to influence
spike pigmentation and yield-related traits in Turkish wheat landraces [21], and recent
surveys confirm that environmental variation across Turkish agro-ecologies strongly shapes
landrace phenotypes [22]. Although our single-season dataset does not allow a formal
test of isolation-by-distance, it is reasonable to assume that both altitude and geographic
separation have partially contributed to the phenotypic divergence observed among acces-
sions. This relationship between glume color and environmental adaptation had also been
noted earlier by Börner et al. (2005), who highlighted its role in plant response to radiation
and low-temperature conditions [40]. Recent molecular studies (e.g., MYB-based glume
color regulation) confirm that glume pigmentation is not only a taxonomic marker but also
associated with environmental adaptation, particularly in response to light intensity and
temperature. Although their direct effects on phenology remain to be fully understood.
some evidence suggests that colored glumes may contribute to improved stress response
during early developmental stages [41].

The identification of the genotypes was based on the criteria set by UPOV and
ICARDA. These criteria were subjected to MDS analysis to demonstrate correlations be-
tween traits and criteria that may stand out in the differentiation of genotypes. Results from
MDS analysis reveal that TGW, NSS, NOS, and NFS are positioned differently from all other
studied traits. The figures illustrate that TGW and NSS form one group, and NOS and NFS
traits are similar to each other and form a group together. It is seen that other measurement
and observation criteria are similar to each other. It has been confirmed in many studies
that criteria, such as SPL, NFS, sterile spikelets per spike, NSS, and TGW, have a direct and
positive relationship with yield. Both hereditary structure and the environment have an
impact on the formation of these criteria, which are directly related to productivity. How-
ever, in some traits, the effect of heritability may be greater than the environment, while
in others, the effect of the environment may be greater than the heritability. For example,
many studies have reported that the effect of heritability on spike length is greater than the
environment. However, it has been confirmed that the effect of the environment on the for-
mation of TGW, NFS, sterile spikelets per spike, and NSS is greater than hereditary factors.
Environmental factors are assumed to be responsible for the fact that these variables form
different groups than other traits in the MSD analysis. Furthermore, previous studies on
collecting samples from wide areas showed that different climate and soil conditions caused
TGW, NSS, NOS, and NFS, which are more affected by the environment, to form different
groups [42,43]. These findings suggest that such traits, due to their higher responsiveness
to environmental variability, formed distinct clusters in MDS analysis. This observation is
supported by Duma et al. (2024), who reported low to moderate heritability for TGW, NSS,
NOS, and NFS under drought and low nitrogen stress in wheat, indicating the significant
environmental influence on these traits [38]. Although this study provides valuable insights
into the phenotypic diversity of local wheat landraces from the Van Lake Basin, certain
limitations must be acknowledged. First, the sampling was restricted to 588 spikes from a
single geographic region, which may not capture the full extent of variability present across
Anatolia or neighboring regions. Second, the assessment focused primarily on spike and
grain morphological traits through Multidimensional Scaling (MDS), without incorporating
other important physiological, molecular, or agronomic parameters. Third, the study did
not include multilocation or multiyear evaluations, thereby limiting the ability to fully
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assess genotype × environment interactions. Future research should therefore integrate
broader sampling strategies, molecular marker analyses, and multi-environment trials to
provide a more comprehensive understanding of the adaptive potential and breeding value
of these landraces.

5. Conclusions
This study provides a comprehensive assessment of the phenotypic diversity of 588 lo-

cal wheat genotypes collected from 127 locations in the Van Lake Basin. Multi-dimensional
Scaling Analysis (MDS) revealed that while the majority of genotypes shared a high degree
of similarity, several distinct individuals and groups were also identified. Traits such as
thousand-grain weight (TGW) and number of seeds per spike (NSS) were among the most
effective in highlighting these differences, though they were also strongly influenced by
environmental conditions. In contrast, spike length (SPL) and number of fertile spikelets
(NFS) appeared to be more stable across environments.

These findings indicate that Van Lake Basin landraces are not uniform populations
but contain both broad phenotypic similarities and meaningful heterogeneity shaped by
centuries of natural selection and traditional farming practices. Traditional names, such
as Karakılçık (Black awn), Tir, Geverik, Kirik, Hevidik, and Toptopik, corresponded to
recognizable clusters in the MDS plots, confirming local knowledge while also revealing
previously undocumented variation. In particular, genotypes 57, 310, and 316 showed
clear divergence despite being classified under the same local group, reflecting the complex
structure of these landraces. This phenotypic diversity, reflecting long-term farmer selection
and local environmental influence to high altitude, drought, and intense solar radiation,
constitutes a valuable resource for wheat breeding and underscores the importance of
conserving and characterizing this heritage for future food security under climate change.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/d17090663/s1, Table S1. Average values of quantitative spike and seed
traits of local wheat genotypes; Table S2. Qualitative spike and seed traits of local wheat genotypes
based on UPOV and ICARDA descriptors; Table S3. Geographic coordinates and elevation data of
sampling sites in the Lake Van Basin and surrounding provinces.
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