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Abstract

Common vetch (Vicia sativa L.) is an important forage legume because of its high biomass productivity, protein content,
biological nitrogen fixation, and adaptability to diverse agroecological conditions. The development of cultivars with high
productivity and improved adaptation to saline and other environmentally stressful conditions is particularly important for
sustainable forage production in Uzbekistan. This study aimed to characterize the morphobiological traits, phenological
development, productivity components, and forage quality of the common vetch cultivar ‘Mirzachul-2’ and to evaluate promising
breeding accessions used in its development. The cultivar originated from accession KGU-0084 maintained in the “Salt-Tolerant
Plants” gene pool at the Research Institute of Agrobiotechnology and Biochemistry of Gulistan State University. Individual
selection was initiated in 2008, followed by evaluation in breeding, control, and competitive variety-testing nurseries and
subsequent State Variety Testing in 2021-2023. Seed germination under saline conditions, phenological stages, plant
morphology, pod and seed productivity, and forage chemical composition were evaluated. Factor analysis was used to identify
associations among economically important morphological traits and to select promising breeding materials. The “Mirzachul-2”
cultivar showed 75% seed germination under the tested saline conditions and completed its developmental cycle in 237 days
under autumn sowing. Green biomass productivity reached 100—120 centners ha™', while crude protein content was 20.8% of dry
matter. Among the selected breeding accessions, accession No. 5 produced the highest seed yield per unit area (172.2 g m™2),
whereas accession No. 3 showed high values for several reproductive traits. Overall, the results demonstrate the agronomic and
forage potential of “Mirzachul-2” and provide useful breeding material for the development of productive common vetch
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cultivars adapted to challenging agroecological conditions.
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1. Introduction

Vetch (Vicia L.) belongs to the family Fabaceae Lindl. and
represents a genus of annual herbaceous plants that is consid-
ered one of the most valuable forage crops in global agricul-
ture due to its outstanding biological characteristics and agro-
nomic importance. The genus Vicia comprises more than 150
species, many of which are naturally distributed throughout
Europe, Asia, and the Mediterranean region, while also being
widely cultivated as agricultural crops [1]. Vetch is distin-
guished by its high productivity of green biomass and protein-
rich seeds, its ability to biologically fix atmospheric nitrogen
through symbiosis with nodule-forming bacteria of the genus
Rhizobium spp., and its important role in restoring soil fertil-
ity [1, 2]. Consequently, this crop is extensively used as a
highly nutritious forage plant, as well as a green manure, cover
crop, and intercrop. Furthermore, vetch contributes to the im-
provement of the physicochemical properties of soils, in-
creases organic matter and humus content, reduces the inten-
sity of erosion processes, and enhances the ecological sustain-
ability of agroecosystems. Its well-developed root system im-
proves soil structure and porosity, promotes moisture retention,
and creates favorable conditions for mineral nutrition of sub-
sequent agricultural crops.

The high content of crude protein, essential amino acids,
vitamins, and mineral elements determines the substantial for-
age value of vetch and allows it to be regarded as one of the
most promising protein-rich forage crops.

In recent years, under conditions of climate change, soil
degradation, and the continuously increasing cost of mineral
fertilizers, interest in the use of vetch as a biological source of
nitrogen has grown considerably. Consequently, intensive re-
search efforts have been directed toward improving technolo-
gies for the intercropping of vetch with cereal crops, particu-
larly barley, wheat, oats, and triticale, evaluating their biolog-
ical compatibility, and increasing yield as well as improving
the forage quality of the resulting biomass.

Vicia sativa L. (common vetch) belongs to the family Faba-
ceae Lindl. and is an annual forage crop widely distributed in
temperate and subtropical regions of the world. This crop is
characterized by high yields of green biomass and protein-rich
seeds, the ability to biologically fix atmospheric nitrogen, and a
high degree of adaptability to diverse agroclimatic conditions.
At present, common vetch is regarded not only as a valuable
source of highly nutritious livestock feed but also as one of the
most important crops used in organic farming, soil fertility res-
toration, and biological reclamation of saline soils [3, 4].
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From a morphological perspective, Vicia sativa is charac-
terized by a well-developed taproot system, on which nodules
formed by the symbiotic bacterium Rhizobium legumi-
nosarum develop. These nodules facilitate atmospheric nitro-
gen fixation, partially satisfy the plant’s nitrogen requirements,
and contribute to improving soil fertility. The stem is slender,
ribbed, trailing or climbing, and depending on the cultivar and
growing conditions, reaches a height of 40-150 cm. The
leaves are pinnately compound and terminate in well-devel-
oped tendrils, enabling the plant to attach to neighboring
plants or other supports. The flowers are generally purple,
pink, or white and are borne singly or in pairs in the leaf axils.
The fruit is a multi-seeded pod containing, on average, 5—12
seeds. The seeds are round or angular in shape and, depending
on the cultivar, may be gray, brown, or black in color [5-8].

The physiological characteristics of Vicia sativa ensure its
high ecological plasticity and adaptability to various environ-
mental conditions. The plant belongs to the group of crops
with C3-type photosynthesis, characterized by a high intensity
of photosynthetic processes. Vetch develops actively under
temperate climatic conditions; seed germination begins at
temperatures of 2-4°C, whereas the optimum temperature for
vegetative growth is 18-22°C. Vetch is considered a crop with
high water-use efficiency and demonstrates relatively high tol-
erance to short-term drought. In addition, under salinity and
other abiotic stress conditions, the plant increases the synthe-
sis of proline, soluble carbohydrates, and antioxidant enzymes,
thereby protecting cells against osmotic and oxidative stress.
Owing to its symbiotic relationships with nodule-forming bac-
teria, vetch is capable of fixing 80-200 kg of biologically
fixed nitrogen per hectare annually, which contributes to im-
proving the nitrogen nutrition of subsequent agricultural crops
and increasing soil fertility [9-11].

In terms of its biochemical composition, Vicia sativa is
characterized by high forage and nutritional value. The crude
protein content in green biomass ranges from 18-25%,
whereas in seeds this value reaches 24-34%. In addition, the
plant is characterized by a high content of essential amino ac-
ids, including lysine, leucine, isoleucine, valine, and arginine.
Vetch tissues contain chlorophylls, carotenoids, flavonoids,
phenolic compounds, ascorbic acid, and tocopherols-biologi-
cally active substances that play an important role in the func-
tioning of the plant antioxidant system. Under saline condi-
tions or water deficiency, increased activities of superoxide
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dismutase (SOD), catalase (CAT), and peroxidase (POD), to-
gether with the accumulation of proline and soluble sugars,
are considered key physiological and biochemical mecha-
nisms underlying plant tolerance to stress conditions [12-15].

The agricultural importance of Vicia sativa is difficult to
overestimate. The crop is widely used for the production of
hay, silage, haylage, and green fodder and represents a valua-
ble source of readily digestible plant protein. When cultivated
in mixtures with cereal crops, particularly barley, oats, and
triticale, the quality of the harvested biomass is improved, the
protein content of the forage increases, and the risk of lodging
is reduced. In addition, vetch is widely used as a green manure
crop, contributing to the enrichment of soil with organic mat-
ter and biologically fixed nitrogen, the activation of microbi-
ological processes, and the improvement of soil fertility. The
inclusion of vetch in crop rotations has a positive effect on the
productivity of subsequent agricultural crops by improving
their supply with mineral nutrients and enhancing the phyto-
sanitary condition of agroecosystems. In recent years, Vicia
sativa has been recognized as one of the most promising agri-
cultural crops for the biological reclamation of saline and de-
graded soils, the development of organic farming systems, and
the establishment of sustainable forage resources under con-
ditions of global climate change [16-20].

2. Origin of the Cultivar and Its
Morphological Characteristics

The ‘Mirzachul-2’ Cultivar (Vicia sativa L.) was developed
from the accession KGU-0084, maintained in the “Salt-Toler-
ant Plants” gene pool of the Research Institute of Agrobiotech-
nology and Biochemistry at Gulistan State University. In 2008,
breeding accession No. 2 was selected from this collection ac-
cession using individual selection.

The breeding work with this accession was conducted in
successive stages: from 2009 to 2012, the accession was eval-
uated in a breeding nursery; from 2013 to 2015, it was studied
in a control nursery; and from 2016 to 2019, it underwent trials
in a competitive variety-testing nursery under the designation
V-1.

In 2021-2023, the ‘Mirzachul-2’ vetch cultivar was submit-
ted for State Variety Testing (SVT), and since 2025, it has been

included in the State Register of Plant Varieties of the Repub-
lic of Uzbekistan.

The ‘Mirzachul-2’ cultivar is distinguished by a combina-
tion of valuable morphological and agronomically important
traits. The average plant height is 34—35 cm. On average, each
plant produces 15—17 pods, with their total mass reaching 5.5
g. Each plant produces approximately 80 seeds, while the total
seed mass per plantis 1.3 g.

The pods are elongated, with an average length of 5.4 cm.
Each pod contains an average of 5.0 seeds, while the average
seed mass per pod is 0.3 g. The 1000-seed weight is 43.3 g,
indicating the large-seeded nature of the cultivar and its high
seed productivity.

The morphological and agronomically valuable character-
istics obtained confirm the high productivity of the ‘Mirza-
chul-2’ cultivar, its ability to produce high-quality seed mate-
rial, and its potential for use in breeding and seed production.

The ‘Mirzachul-2’ cultivar is a promising forage crop char-
acterized by high nutritional value. Green biomass yield
ranges from 100 to 120 centners per hectare (10-12 t/ha),
providing high-quality and nutritionally balanced feed for
farm animals.

Chemical analysis showed that 100 g of dry matter contains
9.5% crude ash, 20.8% crude protein, 3.1% crude fat, 28.3%
crude fiber, and 33.4% nitrogen-free extractives (NFE).

The high crude protein content substantially increases the
forage value of the cultivar and allows it to be effectively used
for the production of green fodder, hay, and haylage for feed-
ing cattle, sheep, and other farm animals. The optimal crude
fiber content ensures good feed digestibility, whereas nitro-
gen-free extractives represent the main source of readily di-
gestible carbohydrates, providing animals with the necessary
energy. In addition, the relatively high crude ash content indi-
cates that the plants are rich in calcium, phosphorus, potas-
sium, and other mineral elements. The combination of the ob-
tained characteristics confirms that the ‘Mirzachul-2’ cultivar
is characterized not only by high productivity but also repre-
sents a biologically and nutritionally valuable crop. Due to the
combination of high productivity, good forage quality, and
high nutritional value, this cultivar has considerable potential
for widespread introduction into livestock farms as green fod-
der, hay, and haylage, as well as for use as a green manure crop
[21-24].
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Figure 1. ‘Mirzachul-2’vetch cultivar.

nodes formed on the aboveground shoots, indicating active
vegetative growth. In the ‘Mirzachul-2’ cultivar, the branching
stage was recorded on December 22. In early spring, at the end
of April, the plants entered the budding stage, followed by the
onset of flowering in early May. According to the results of
phenological observations, the total duration of the growing
season until full seed maturity was 237 days.

3. Results and Discussion

The results of the study showed that the seed germination
rate of the ‘Mirzachul-2’ vetch cultivar under saline conditions
was 75%. In the second half of December, the plants entered
the branching stage. At this stage of development, additional

Table 1. Seed Germination and Duration of Phenological Developmental Phases of Common Vetch (Vicia sativa L.) Cultivar ‘Mirzachul-2’
(for an autumn sowing date- in early October).

Germina- Branch- Budding Flower- Maturity stage (date

N Studied i Iti Origi
° udied species (cultivar) rigin tion, % ing stage stage ing stage  and duration, days)

1 ‘Mirzachul-2’ cultivar (Vicia sativa L.) ICBA  75.0 22.12 25.04 02.05 05.06 (237)

Note: ICBA=International Center for Biosaline Agriculture.

At the same time, it was established that vetch plants sown  reached 4.6 cm, while the average 1000-seed weight was 44.0
in autumn exhibited high tolerance to low temperatures. This g. The results of the factor analysis of the morphological traits
was confirmed by the good survival of the plants after over- of common vetch plants (Table 2) revealed patterns similar to
wintering during the spring period. During the autumn period, those previously established for hairy vetch [25-27]. Of the
exposure of vetch plants to low temperatures resulted in  ten morphological traits studied, nine were characterized by

changes in leaf coloration caused by the accumulation of an- high factor loadings on the first factor. The highest factor-
thocyanin pigments. According to the scientific literature, the loading values were observed for the number of seeds per pod
formation of anthocyanins in vetch leaves under low-temper- (0.939) and 1000-seed weight (0.864), which formed the basis
ature conditions is a characteristic physiological response of  of the third factor. The results of the analysis indicate a close
plants. It is known that the accumulation of anthocyanin pig- interrelationship among the morphological traits, providing a

ments represents one of the adaptive mechanisms underlying  scientific basis for selecting plants based on a combination of
the protective response of plants to abiotic stress factors. The agronomically valuable characteristics (Table 2). The obtained
quantitative characteristics of the morphological traits of the data also confirm that the most productive vetch genotypes
‘Mirzachul-2’ vetch cultivar are presented in Table 1. The av- were identified among the breeding material studied.

erage plant height was 32.0 cm. The average pod length
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Table 2. Results of Factor Analysis of Morphological Traits of Selected Common Vetch (Vicia sativa L.) Accessions.

No. Morphological traits

1 Plant height, cm

2 Number of pods per plant, no.
3 Pod mass per plant, g

4 Number of seeds per plant, no.
5 Seed mass per plant, g

6 Seed mass per 1 m? of the breeding nursery, g
7 Pod length, cm

8 Seed mass per pod, g

9 Number of seeds per pod, no.
10 1000-seed weight, g

Factor loadings of morphological traits

1 2 3

0.570 0.174 0.122
0.939 —0.161 —0.152
0.958 —0.248 —-0.032
0.956 —0.238 —0.108
0.610 0.721 0.110
0.666 0.679 0.043
0.683 0.185 —0.297
0.487 —0.291 0.565
0.896 —0.393 —0.148
0.200 —0.031 0.864

Based on the results of the factor analysis, five of the most promising accessions were selected from the breeding population
of common vetch. Their productivity ranged from 144.0 to 172.0 g. The selected accessions served as the initial breeding material

for the development of the ‘Mirzachul-2’ vetch cultivar.

Table 3. Morphological Characteristics of Selected Breeding Accessions of Common Vetch (Vicia sativa L.).

Indicators per plant

Plant

height,

cm Number of Pod Number of  Seed

pods, no. mass, g seeds, no. mass, g

324 15 5.34 82.0 1.25
35.6 14 4.55 73.0 1.26
33.6 22 7.88 108.0 1.20
34.6 18 493 67.0 1.20
39.6 18 5.06 70.0 1.40

The results of the study showed that the five selected acces-
sions of common vetch differed substantially in their morpho-
logical and agronomically valuable traits. Plant height ranged
from 32.4 to 39.6 cm. The greatest plant height was recorded
in accession No. 5 (39.6 cm), whereas the lowest value was
observed in accession No. 1 (32.4 cm). This indicates differ-
ences in the intensity of vegetative growth among the selected
genotypes [28-30].

The number of pods per plant ranged from 14 to 22. The
highest value was recorded in accession No. 3, which pro-
duced 22 pods per plant. The lowest number of pods was ob-

Indicators per pod

Seed mass per Length, Seed Number of  1000-seed
1m? g cm mass, g  seeds, no. weight, g
165.0 4.9 0.36 6.83 44.0
155.0 5.0 0.33 4.87 37.8
144.0 5.6 0.36 6.75 46.4
147.6 4.8 0.27 3.72 46.3
172.2 4.9 0.28 2.59 42.0
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served in accession No. 2 (14 pods), whereas in the other ac-
cessions this trait ranged from 15 to 18 pods per plant.

The total pod mass per plant ranged from 4.55 to 7.88 g.
Accession No. 3 also showed the highest value for this trait,
reaching 7.88 g. The lowest pod mass was recorded in acces-
sion No. 2 (4.55 g). These results indicate the high capacity of
accession No. 3 to form reproductive organs. The number of
seeds per plant varied from 67 to 108. The maximum value
was again recorded in accession No. 3 (108 seeds), which sub-
stantially exceeded the other accessions. The lowest number
of seeds was observed in accession No. 4 (67 seeds). Seed
mass per plant ranged from 1.20 to 1.40 g. The highest value
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was recorded in accession No. 5 (1.40 g). In accessions No. 1
and No. 2, seed mass was 1.25 and 1.26 g, respectively,
whereas accessions No. 3 and No. 4 had identical values of
1.20 g. Seed yield per 1 m? ranged from 144.0 to 172.2 g. The
highest yield was obtained in accession No. 5, reaching 172.2
g/m?, indicating its high productivity and potential for further
use in breeding programs. Accession No. 1 ranked second in
seed yield, producing 165.0 g of seeds per 1 m2. The lowest
seed yield was recorded in accession No. 3, at 144.0 g/m?. It
should be noted that, despite the high individual productivity
of plants in this accession, its yield per unit area was compar-
atively low, which may have been associated with plant den-
sity or other agrobiological factors. Pod length ranged from
4.8 to 5.6 cm. The longest pods were produced by accession
No. 3 (5.6 cm), whereas the minimum value was recorded in
accession No. 4 (4.8 cm). Seed mass per pod ranged from 0.27
to 0.36 g. For this trait, accessions No. 1 and No. 3 demon-
strated equally high values of 0.36 g. The lowest seed mass
per pod was recorded in accession No. 4 (0.27 g). The number
of seeds per pod ranged from 2.59 to 6.83. The maximum
value was recorded in accession No. 1 (6.83 seeds), while ac-
cession No. 3 also showed a high value of 6.75 seeds per pod.
The lowest number of seeds per pod was observed in acces-
sion No. 5 (2.59 seeds).

The 1000-seed weight ranged from 37.8 to 46.4 g. The larg-
est seeds were produced by accession No. 3, for which the
1000-seed weight was 46.4 g. A similar value was obtained for
accession No. 4 (46.3 g). The lowest value was recorded in
accession No. 2 (37.8 g). Thus, the obtained results demon-
strate substantial variability in morphological and agronomi-
cally valuable traits among the studied breeding accessions.
Accession No. 3 exhibited the most favorable values for the
majority of the principal productivity traits, including the
number of pods per plant, pod mass, number of seeds per plant,
pod length, and 1000-seed weight. In contrast, accession No.
5 exceeded the other accessions in plant height, seed mass per
plant, and seed yield per unit area. Therefore, from a breeding
perspective, accessions No. 3 and No. 5 are of the greatest
value and may be considered promising initial breeding mate-
rial for the development of highly productive common vetch
cultivars.

4. Conclusion

The results demonstrated considerable variability in the
morphological and agronomically valuable traits of the stud-
ied Vicia sativa L. accessions. The ‘Mirzachul-2’ cultivar
showed good adaptation to autumn sowing, low temperatures,
and saline conditions, with 75% seed germination and a 237-
day growing period. Among the selected accessions, No. 3
showed the highest values for several productivity traits, while
No. 5 had the highest seed yield (172.2 g/m?). Overall, the
‘Mirzachul-2’ cultivar and selected accessions No. 3 and No.

133

5 represent promising material for further breeding and the de-
velopment of productive and nutritionally valuable common
vetch cultivars.
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ICBA  International Center for Biosaline Agriculture

NFE Nitrogen-free Extractives
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