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The impacts of climate change on crop production are already a reality worldwide.
Extreme weather events such as droughts, floods and heat waves are increasingly frequent,
and this is affecting agriculture due to its high vulnerability. In order to mitigate these
impacts, the access to unexploited genetic crop diversity for the production of new varieties
which can thrive in more extreme environmental conditions is of prime importance. A mul-
titude of beneficial agronomic traits have been lost over the course of domestication, and,
in this sense, crops’ wild relatives and landraces contain many genes of potential value for
plant breeding. Among these, there are many traits that are relevant for climate change
adaptation. Despite the vast pool of resources that exists, much of the crop germplasm rich-
ness found in gene banks is underutilized. To overcome the barriers between germplasm
conservation and use, evaluation is necessary to discover the useful diversity they contain.

The number of accessions deposited in germplasm banks is continuously growing.
Germplasm evaluation refers to the observation, measurement and reporting of heritable
plant traits from a collection. The Food and Agriculture Organization of the United Nations
stressed, in a recent report, that one of the major constrains affecting the conservation, use,
monitoring and reporting of information on plant genetic resources for food and agriculture
(PGRFA) concerns data access and communication among researchers, breeders, farmers
and governments. In this sense, considering the broad range found in the germplasm
collections of cultivated plants, which varies from wild and weedy types to high-yielding
varieties, it is of major importance to ensure an accessible standardized format for data
compilation and management. Other shared problems rely on developing sampling strate-
gies for representative specimens in natural habitats or the design of technologies for
long-term maintenance.

To date, germplasm evaluation has been centered mostly on morphological descriptors,
agronomical traits and molecular marker technology. In spite of their reliability, low cost
and accessibility, morphological descriptors present some constraints, such as the influence
of environment on the genotype, making evaluation and information exchange more com-
plex, and limited polymorphism, which demands the evaluation of more descriptors. On
the other hand, evaluation based on agronomic characters is especially used in economically
relevant crops, although a complete evaluation in this respect is costly, time-consuming
and labor-intensive; as a consequence, nowadays it covers a small fraction of the accessions
of interest. However, the final aim of germplasm evaluation and plant breeding is to obtain
desirable traits in a highly efficient manner. Thus, traditional evaluation techniques are not
sufficient to fulfil demands on food security and sustainability.

Crop performance is determined by complex traits resulting from genetics and epi-
genetics interactions. Understanding the relationship between genotype and phenotype
is important for the sustainable evaluation and conservation of crop germplasm richness.
Thus, traditional evaluation techniques are nowadays giving way to germplasm charac-
terization based on molecular methods. In this sense, molecular markers, which reveal
DNA sequence polymorphism, constituted a turning point in germplasm characteriza-
tion. However, approaches based on molecular markers ultimately have the limitation
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of considering genes as independent functional entities; when traits are the result of a
multigenic regulation and have a close interaction with environmental conditions, broader
approaches are needed. Nowadays, the rapid expansion of the “-omics” techniques are
bringing high-throughput approaches to the frontline of plant breeding, accelerating crop
improvement by elucidating the interaction between genotype and phenotype. In this
sense, epigenomics, genomics, transcriptomics, proteomics, metabolomics, phenomics and
ionomics, together with bioinformatic tools, have made it possible for breeders to design
more resilient and/or more productive varieties towards biotic and abiotic stresses. More
recently, multi-omic approaches have been proposed for plant evaluation and breeding,
integrating datasets from the different -omics together with complex mathematical models.

Through this Special Issue, there are examples of such complexity and diversity of
germplasm evaluation on different cash crop species such as carrot, barley, soybean, almond,
melon, lettuce, tomato, wheat, cacao and rice [1–11]. Acosta-Motos et al. [1] conducted
agromorphological characterization on Eastern carrot landraces; these may be a source of
material for carrot breeding programs, particularly black carrot accessions due to their high
anthocyanin and flavonoid contents and, concomitantly, antioxidant capacity. In this sense,
commercial cultivars are, overall, more productive than landraces; however, landraces are
becoming significant sources of genetic variability and a crucial element for agrobiodiversity
due to their high variation and adaptability to local environments. Dziurdziak et al. [2]
conducted a genome-wide DArTseq analysis of the diversity of 116 spring barley landraces
from different countries, preserved in the collection of the Polish gene bank; this revealed
remarkable variation among landraces related to the country of origin and the grain type,
and supporting the breeding of hulless accessions for spring barley’s high quality as a food
with beneficial health values.

The interaction between genotype and environment was studied by Abdelghany et al. [3],
where the genotypic stability of 135 soybean accessions was evaluated in three Chinese
locations. This was achieved by means of mathematical models with a weighted average of
absolute scores biplot and a multi-trait stability index. The latter tool proved to be very
useful in finding genotypes suitable for both seed performance and stability, by analyzing
seven seed composition traits simultaneously. Soybean germplasm diversity was also
explored by Jo et al. [4], who analyzed 470 soybean accessions of black seed coat and
green cotyledons—rich in chlorophylls, anthocyanin and compounds with anticarcinogenic
properties—by 6K single nucleotide polymorphic loci, to determine genetic architecture. As
a result, 36 accessions were found to contain 99.5% of the diversity from the total collection
analyzed, showing potential for their use in breeding programs.

Twenty-four traditional almond cultivars clearly in decline or close to extinction were
analyzed by Pérez- Sánchez et al. [5], from agromorphological and nutritional points of
view, using a total of 40 descriptors gathered in international guidelines such as IPGRI and
UPOV for flowers, leaves, fruits and vegetative tree habits. As a result, certain cultivars
were found to have a high yield and quality of fruit, which constitutes an important step in
the conservation of genetic almond resources in the Central-Western Iberian Peninsula.

The application of molecular markers to assess the genetic variability of plant varieties
and cultivars is well represented in this Special Issue. Chikh-Rouhou et al. [6] combined
24 phenotypic traits and eight Simple Sequence Repeat (SSR) molecular markers to assess
the genetic diversity of a Tunisian melon collection. A considerable phenotypic variability
among accessions was measured for several traits of agronomical importance, whereas all
of the microsatellites were found to be polymorphic. A precise clustering for landraces
and breeding lines was obtained using combined phenotypic–molecular data, which may
allow the correct use of these accessions in future breeding programs. Similarly, Caramante
et al. [7] also utilized SSR markers to compare 15 traditional landraces with 15 widely
used current varieties of tomato, concluding from the data analysis that the landraces
conformed to a genetically different population from the commercial varieties, and serving
as a milestone for implementing in situ and ex situ conservation programs. Another
type of molecular marker, high-density single-nucleotide polymorphism (SNP), has been
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used by Ganugi et al. [8] to assess the genetic variability of a 265-accession collection of
eight tetraploid wheat subspecies. The analysis and data treatment revealed clusters in
agreement with the taxonomic classification, shedding light on the wheat’s evolutionary
history and the phylogenetic relationships among subspecies.

Around 90% of the cacao’s production worldwide is located in developing countries,
especially in small farming systems. Criollo cacao is highly demanded in Honduras due to
is quality attributes. López et al. [9] used 16 SSR molecular markers on 89 samples showing
phenotypic traits of Criollo cacao, to assay purity and belonging to that group. As a result,
although certain accessions had the genetic traits of Trinitario or other admixtures of cacao
types, the genetic purity of Criollo cacao in Honduras was confirmed, providing further
evidence of Mesoamerica as a cacao domestication center.

Cultivated lettuce is one of the main leafy vegetables worldwide. Birlanga et al. [10]
established, based on a hydroponic system, a root and shoot phenotyping of 12 lettuce
genotypes. Tipburn incidence and leaf nutrient content were analyzed, identifying nutrient
traits highly correlated with genotype-dependent tipburn, which may lead, in defined
nutrient solutions, to select for tipburn-tolerant genotypes that could be adequate for
hydroponic cultivation. Chan-in et al. [11] evaluated grain quality traits and allelic variation
of the Badh2 gene—determining fragrance attributes—in 22 Thai rice landraces. Haplotype
analysis on the Badh2 gene revealed a correlation with grain aroma by sensory evaluation.
The results indicated that genetic resources could be introduced for fragrant rice breeding
programmes to increase the income of highland farmers.

Taken together, the present Special Issue contributes to the efforts on crop germplasm
evaluation in order to ensure future food security and commercial profitability. Neverthe-
less, plant genetic biodiversity is under threat from genetic erosion, a concept introduced
by researchers to describe the gradual loss of individual genes and combinations of genes,
such as those present in domesticated landraces. The major cause of genetic erosion is the
displacement of landraces by contemporary varieties. To overcome these problems, ex situ
and in situ conservation approaches must be undertaken. Likewise, the role of indigenous
and farming peoples in such efforts should be considered for the preservation of crops’
wild relatives and landraces.
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