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ABSTRACT  Article History 

The study aimed to develop stress-resistant Melilotus (sweet clover) cultivars to mitigate 

protein deficiency in livestock feed and enhance forage productivity under the challenging 

agro-climatic conditions of Northern Kazakhstan, encompassing zonal (chernozem, chestnut) 

and saline soils. The research utilized diverse genetic resources, including accessions from the 

N.I. Vavilov Institute of Plant Genetic Resources, hybrid populations, and both domestic and 

foreign cultivars. Breeding efforts combined selection and hybridization methods to obtain 

genotypes with improved drought, winter, and disease resistance. Salt tolerance was evaluated 

using a modified laboratory protocol with 1.05% NaCl solution, followed by multi-year field 

trials conducted on sulfate–chloride saline steppe soils. Among the developed cultivars, 

Melilotus wolgicus ‘Bars’ and ‘Qarlybas’ exhibited high stress tolerance and superior agronomic 

performance, producing green mass yields of 19.4–22.8t ha⁻¹—14.7–22.2% higher than the 

standard—and crude protein contents of 19.4–20.1%. Salt-tolerant accessions showing 62–

87.5% germination under salinity included the yellow sweet clover ‘Sarbas’ and hybrid 

populations (kd-1728, kd-1690, kd-1828, kd-1830, etc.). The most promising hybrid, ‘Aq tań’ 

(kd-1829), demonstrated 85% salt tolerance, 94% first-year survival, and high yield stability on 

saline soils, producing 13.4t ha⁻¹ of green mass (+16.1%), 3.5t ha⁻¹ of dry matter (+16.0%), and 

170kg ha⁻¹ of seeds (+14.7%) relative to the standard. The newly developed cultivars—‘Bars’, 

‘Qarlybas’, and ‘Aq tań’—significantly enhance forage productivity, protein content, and 

environmental resilience in Northern Kazakhstan. These genotypes represent sustainable 

breeding achievements that can support livestock production systems on saline and marginal 

lands while contributing to regional feed self-sufficiency. 

 

Keywords: Sweet clover, Melilotus, Breeding, Cultivar, Salt tolerance, Hybrid population, Yield, 

Green mass, Dry matter, Crude protein. 

Article # 25-599 

Received: 02-Oct-25 

Revised: 18-Nov-25 

Accepted: 27-Nov-25 

Online First: 26-Dec-25 

 

 

INTRODUCTION 

 

Selective breeding of annual and perennial forage crops is 

one of the key goals in feed production systems. In order 

to enable the establishment of livestock farming and 

mitigate protein deficiencies in animal feed, one key focus 

is the enhancement of the yield of protein-rich forage 

through the extension of the production of perennial 

leguminous grasses (Starodubtseva, 2014). Use of high-

yielding species and cultivars that are well adapted to 

specific agro-climatic conditions is a key biological 

principle to break production constraints in forage. This 

will result in productive and sustainable longevity, the 

production of high-protein and energy-dense feed, and 

the attainment of optimum environmental factors 

(Kosolapov et al., 2015; Pilipko, 2017). Introduction of new 

and more productive cultivars in respective sites can raise 

forage productivity by 20–70% and significantly enhance 

feed production (Shatsky et al., 2016; Kosolapov et al., 

2016; Sagalbekov, 2018; Mu, 2021). Sweet clover (Melilotus 

Adans.) is a key indicator to increase the effectiveness of 

feed production in southern carbonate chernozems, 

chestnut soils, and sodic soils of the arid steppes. Sweet 

clover is a member of the Fabaceae family and includes 26 

Eurasian and North African annual and biennial species, all 

included  in  the  genus Melilotus Adans (Aboel-Atta, 2009). 
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The genus is divided into three subgenera: Asian, Caspian, 

and Mediterranean. The most agronomic value is 

represented by the Asian subgenus, which includes yellow 

(or medicinal) sweet clover (M. officinalis (L.) Pall.), white 

sweet clover (M. albus Medic.), fragrant sweet clover (M. 

suaveolens Ledeb.), and toothed sweet clover. The Caspian 

subgenus is represented by the Volga sweet clover (M. 

wolgicus Poir.). Six species of sweet clover are native to 

Kazakhstan (Baitenov et al., 1969), among which biennial 

ones-yellow, white, Volga, and fragrant sweet clover—are 

cultivated most widely. Sweet clover (Melilotus spp.) is a 

valuable leguminous crop widely recognized for its dual 

role as a high-quality forage and an efficient green manure 

species that contributes substantially to soil fertility 

enhancement (De Dios Guerrero-Rodriguez et al., 2011; 

Aleksashina & Макарова, 2019). Its cultivation markedly 

improves the biological, agrophysical, and chemical 

properties of soils, enhances their phytosanitary condition, 

and effectively suppresses weed growth (Dzyubenko et al., 

2018). In addition to its agronomic benefits, sweet clover 

demonstrates exceptional adaptability to adverse 

environmental conditions. Several studies have highlighted 

its potential as a phytoremediation crop capable of 

growing successfully on various salt-affected soils, thereby 

improving soil structure and fertility through biological 

nitrogen fixation and organic matter enrichment (Evans & 

Kearney, 2003; Sagalbekov & Ualieva, 2016; Parsayev & 

Filippova, 2017; Filippova et al., 2018). Among the two 

major cultivated species, white and yellow sweet clover, 

both exhibit high productivity in forage biomass. However, 

yellow sweet clover is particularly noted for its superior 

drought tolerance, making it better suited to regions 

experiencing dry spells during May and June (Parsaev, 

2016). The harsh continental climate of Northern 

Kazakhstan, characterized by long winters, periodic 

droughts, and extensive areas of solonetz and saline soils 

(exceeding 16 million hectares), necessitates the 

development of winter-hardy, drought-resistant, and salt-

tolerant sweet clover cultivars with improved agronomic 

and adaptive traits (Kazarina et al., 2023). The present 

study was undertaken to: 

1. Develop new sweet clover (Melilotus) cultivars with 

enhanced tolerance to drought, salinity, and low 

temperatures suitable for the agro-ecological conditions of 

Northern Kazakhstan. 

2. Evaluate the agronomic performance of newly 

developed cultivars in terms of forage biomass, seed yield, 

and protein content under both zonal (chernozem, 

chestnut) and saline soils. 

 Identify genetically stable and stress-resilient 

genotypes that can serve as productive and sustainable 

forage sources while improving the fertility and biological 

activity of degraded soils. 

 

MATERIALS & METHODS 

 

Study Area and Research Objects 

 The research on sweet clover (Melilotus spp.) was 

conducted in Northern Kazakhstan in the experimental 

crop rotation system of the A.I. Barayev Scientific 

Production Center for Grain Farming (Scientific Village, 

Shortandy District, Akmola Region) for a prolonged period 

from 1972 to date. The subjects of research were an 

extensive collection of sweet clover genetic resources, 

including accessions of the N.I. Vavilov Institute of Plant 

Genetic Resources (VIR) world collection, complex hybrid 

populations (CHP), biotypes, breeding lines, and local and 

foreign cultivars. 

 

Material Selection 

 The breeding program adhered to the established 

methodological recommendations for perennial grasses 

(Ivanovich, 2023). The first step was the meticulous 

selection of superior accessions (k-35986, k-33613, k-

37000) based on thorough screening procedures that 

assessed several agronomic characteristics. These included 

drought tolerance, plant height characteristics, leafiness 

indices, flowering and seed ripening synchronization 

trends, and overall seed production. Salt tolerance was 

evaluated as a critical component of selection with 90 

accessions and CHPs subjected to laboratory germination 

testing in 1.05% NaCl solution following a modified VIR 

protocol (Sinelnikova et al., 1989). Systematic screening 

allowed for the classification of materials into five different 

salt-tolerance classes, from very low to high tolerance. 

Later, promising candidates with salt tolerance were 

planted in single field plots for further evaluation. 

 

Experimental Process 

 The experimental design involved both laboratory 

analysis and field research to ensure a careful assessment of 

plant material. Laboratory operations included screening 

for salt tolerance and comprehensive biochemical testing, 

particularly measurement of crude protein and fiber 

content in dry matter. Field experiments used the 

competitive variety testing (CVT) method, with test plots on 

weakly saline soils (sulfate-chloride salinity) and control 

southern carbonate chernozem plots. The heavy loams of 

chernozem-type soils contained a satisfactory 3.0-3.2% 

humus in the arable layer (Dashkevich et al., 2018; Filippova 

et al., 2022). Field tests placed emphasis on certain crucial 

parameters: resistance to abiotic stresses, which include 

winter hardiness and drought tolerance; susceptibility to 

major diseases such as Fusarium wilt, powdery mildew, and 

brown spot; and tolerance to pest damage caused by seed 

weevils (Tychius) and clover seed chalcid. 

 

Testing Protocols 

 Standardized test protocols generated consistency 

and reliability of data for all tests. Salt tolerance was 

evaluated by using an accelerated germination assay with 

a 1.05% NaCl solution, which was adapted from the 

original protocol utilized by VIR in testing amaranth. 

Biochemical assays gave consistent measurements for 

crude protein, fiber, and dry matter feed units. Statistical 

analysis employed a five-step salt tolerance scale in 20% 

increments, with particular note taken of plant responses 

at critical growth stages. Assessment of disease and pest 

resistance employed incidence scoring systems for the 

uniform measurement of susceptibility to fungal disease 
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and insect damage to seed. 

 

Breeding Achievements 

 The breeding program has some significant success, 

breeding 19 perennial legume cultivars to date, including 

eight sweet clover cultivars with four officially registered in 

the State Register of Breeding Achievements 

Recommended for use in the Republic of Kazakhstan 

(2023). Current breeding work maintains traditional 

objectives of breeding stress-tolerant hay-type cultivars 

with 12-15% yield advantage over existing standards, as 

well as pursuing new directions. These comprise the 

creation of salt-tolerant varieties with increased biomass 

yield, enhancement of nitrogen-fixing ability, and the 

creation of low-coumarin variants for forage quality 

improvement. The program strategy ideally integrates 

classical selection methods with contemporary stress-

tolerance test technologies, while the two-stage validation 

system (laboratory and field assessment) guarantees 

ecological relevance and applicability of the outcomes. The 

explicit connection between strict methodological 

frameworks (like the adapted VIR protocols) and tangible 

outcomes in breeding has been a defining feature of this 

extensive research project. 

 

Statistical Analysis 

 All experimental data were subjected to statistical 

evaluation to ensure the reliability and reproducibility of 

results. Laboratory and field experiments were carried out 

in a completely randomized block design (CRBD) with 

three replications for each treatment or cultivar. Statistical 

analysis was performed using STATISTICA 12.0 (StatSoft 

Inc., USA) and Microsoft Excel 2021 for initial data 

organization and descriptive statistics. 

 

Data Processing and Model 

 The mean values for each trait—germination 

percentage, survival rate, green mass yield, dry matter 

yield, seed yield, and crude protein content—were 

computed for all cultivars and hybrid populations. The 

following model was applied for analysis of variance 

(ANOVA): 

Yij=μ+Ti+εij 

where 𝑌𝑖𝑗  1 is the observed value of the 𝑖𝑡ℎ  1 treatment 

(cultivar or hybrid) in the 𝑗𝑡ℎ  1 replication, 𝜇 1 is the overall 

mean, 𝑇𝑖  1 represents the fixed effect of treatment, and 𝜀𝑖𝑗  1 is 

the experimental error. 

 

Analysis of Variance (ANOVA) 

 A one-way ANOVA was performed to determine the 

significance of differences among cultivars and hybrid 

populations for key agronomic and biochemical traits 

under both normal and saline soil conditions. Significance 

was determined at p ≤ 0.05 and p ≤ 0.01 confidence levels. 

When significant differences were observed, treatment 

means were compared using Least Significant Difference 

(LSD) test according to Fisher’s method. 

 

Descriptive and Correlation Analyses 

 Descriptive statistical parameters including mean, 

standard deviation (SD), and coefficient of variation 

(CV%) were calculated for each trait. Correlation analysis 

(Pearson’s r) was used to determine the relationships 

among yield parameters (green mass, dry matter, and 

seed yield) and physiological indicators such as salt 

tolerance and survival rate. The degree of correlation was 

interpreted as low (r = 0.30–0.50), moderate (r = 0.51–

0.70), or high (r > 0.70). 

 

Salt Tolerance Classification 

 The salt tolerance of each accession or hybrid 

population was evaluated using germination data obtained 

in 1.05% NaCl solution. The results were expressed as 

percentage of germination relative to the control (distilled 

water), and genotypes were grouped into five classes: very 

low (<20%), low (21–40%), moderate (41–60%), high (61–

80%) and very high (>81%) tolerance. 

 Mean separation among tolerance groups was tested 

through Duncan’s multiple range test (DMRT) at a 5% 

significance level. 

 

RESULTS 

 

 Highly significant genotypic differences (P<0.01) were 

observed for green mass yield and seed yield, and 

moderate significance for dry matter yield. Crude protein 

variation was statistically non-significant, confirming 

similar nutritional quality across cultivars. ‘Qarlybas’ 

achieved the highest yield means, while ‘Bars’ showed the 

best balance of yield and stress tolerance (Table 1). The 

assessment of the sweet clover collection identified highly 

valuable Melilotus wolgicus accessions of the N.I. Vavilov 

Institute germplasm bank (k-35986, K-33616, k-33613, k-

37000, k-38872). These accessions were distinguished by 

accelerated phenological development, occurring 5 to 6 

days earlier than conventional cultivars, and increased 

resistance to some abiotic and biotic stress factors. Most 

importantly, these materials exceeded control varieties by 

10.5% to 40.8% for green mass and dry matter yield. By 

selection repeated over cycles conducted in breeding 

nurseries with emphasis on drought tolerance, plant 

architecture in terms of height and leafiness, flowering 

synchrony, and seed production characters, the Canadian 

accession k-33613 was developed into the registered 

variety 'Bars' using recurrent mass selection. 

 The 'Bars' variety possesses excellent agronomic 

characteristics, including winter hardiness, drought 

tolerance, and even seed ripening. The 'Bars' disease 

resistance traits have high efficacy for Fusarium wilt, 

powdery mildew, and brown spot, and also exhibit strong 

resistance against seed-damaging insects such as Tychius 

weevils and clover seed chalcids. In the following growing 

season, 'Bars' recorded average yields of 19.4 t/ha for 

green mass, 5.6 t/ha for dry matter, and 250 kg/ha for 

seeds, corresponding to remarkable improvements of 

14.8%, 17.6%, and 13.6% respectively compared to the 

'Akbas' check (Table 2). The biochemical examination 

conducted during the initial flowering phase revealed ideal 

nutritional indicators: 20.1% crude protein, 19.2% fiber 

content, and  0.78  feed  units  per  kilogram  of dry matter. 
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Table 1: One-way ANOVA for key agronomic traits of Melilotus cultivars under field conditions 

Trait Source of Variation df Mean Square (MS) F-value Significance 

Green mass yield (t ha⁻¹) Between cultivars 3 19.72 18.93 P<0.01 

 Error 8 1.04 — — 

 Total 11 — — — 

Dry matter yield (t ha⁻¹) Between cultivars 3 0.75 9.26 P<0.05 

 Error 8 0.08 — — 

 Total 11 — — — 

Seed yield (kg ha⁻¹) Between cultivars 3 2096.7 14.37 P<0.01 

 Error 8 146.0 — — 

 Total 11 — — — 

Crude protein (%) Between cultivars 3 1.83 3.62 ns 

 Error 8 0.51 — — 

 Total 11 — — — 

Note: Significance levels are based on Fisher’s LSD (p ≤ 0.05 and p ≤ 0.01). “ns” = non-significant; CV% ranged from 4.8 % (Green mass yield) to 6.9 % (Seed 

yield), indicating high experimental precision. 

 

Table 2: Agronomic performance of Melilotus cultivars under field conditions in Northern Kazakhstan 

Cultivar Species Green mass 

yield (t/ha) 

Dry matter 

yield (t/ha) 

Seed yield 

(kg/ha) 

Crude protein 

(%) 

Fiber (%) Feed units 

(per kg DM) 

Yield advantage 

over control (%) 

Akbas (control) M. wolgicus 16.9 4.8 220 18.1 19.1 0.77 — 

Bars M. wolgicus 19.4 5.6 250 20.1 19.2 0.78 14.8–17.6 

Qarlybas M. wolgicus 22.8 5.7 260 19.4 19.0 0.75 21.7–23.8 

Aq tań M. wolgicus 13.4 (saline soil) 3.5 170 18.2 18.7 0.74 14.7–16.1 

Note: All data derived from multi-year field trials; values in parentheses indicate performance on saline soils. 
 

These excellent features caused it to be admitted to the 

State Register of Breeding Achievements of Kazakhstan 

(Table 2). Wild ecotypes represented a useful gene source 

for the improvement of cultivars, as illustrated by the 

creation of 'Qarlybas'. This new cultivar arose from natural 

hybridization of wild accession k-35986 (Aktobe province, 

Kazakhstan) with cultivated cultivars 'Shedevr 75' and 

'Akbas' and following long-term selection for productivity 

and resistance to stresses. 'Qarlybas' demonstrates high 

winter hardiness (97-99%) and high drought resistance 

scores (4.7-4.9 on 5-point scale) at stages of critical growth 

(bud formation to early flowering). Its yield level far 

surpasses that of the norm, at 22.8 t/ha green mass 

(+22.2%), 5.7 t/ha dry matter (+21.7%), and 260 kg/ha 

seeds (+23.8%). The cultivar possesses outstanding 

nutritional quality (19.4% crude protein) at 127-150 g 

digestible protein per feed unit. Field observations under 

disease pressure showed low susceptibility to brown spot 

(12% incidence) and powdery mildew (15.9%), and pest 

damage was also low - 17-20% for vegetative stages and 

as low as 6.8-8.4% for seed damage by Tychius weevils and 

seed chalcids. 

 Screening for salt tolerance in 90 accessions and 

complex hybrid populations (CHPs) of four Melilotus 

species revealed immense genetic diversity for salinity 

response. Laboratory germination assay with 1.05% NaCl 

solution revealed 10.0–87.5% germination, a reduction of 

12.5–38.6% compared to distilled water controls. Statistical 

analysis categorized materials into five distinct salt 

tolerance classes: very low (<20%), low (21-40%), moderate 

(41-60%), high (61-80%), and very high (>81%) tolerance. 

Some of the top-performing materials included the yellow 

sweet clover cultivar 'Sarbas' which exhibited 63.0–87.5% 

germination under salinity, and CHP kd-1728 and M. The 

wolgicus cultivars 'Akbas' and 'Bars', as well as the CHPs 

kd-1690, 1828, 1829, 1830, 1898, and 1689, were also 

identified as being of value for their genetic potential in 

breeding programs aimed at improving adaptation to 

saline soils (Table 3 and 4). Field trials on specific materials 

exhibited good performance under saline conditions. First-

year final survival rates on saline soils varied from 67.0% to 

96.5%, with 73.8% to 98.1% in control plots. The M. 

wolgicus cultivars 'Bars' and 'Akbas' stood out, however, 

for very high salt tolerance, with survival rates of 95.0% to 

96.5%. Likewise, the CHPs kd-1829, 1689, 1793, 1831, 1732, 

1690, and M. dentatus 'Saraychik' all exhibited high 

survival, with rates up to 80.0%. 

 Regarding yield performance on weakly saline soils, M. 

officinalis 'Sarbas' and the CHPs kd-1824, 1699, 1728, 

1845, 1833, 1715, and 1518 exceeded the 'Omsky 

Skorospely' standard by 6.0% to 14.0% in green mass yield, 

with the standard being 9.1 t/ha. M. wolgicus CHPs kd-

1828, 1829, 1823, 1689, 1830, 1832, and 1690 produced 

16.3% to 51.1% more than the 'Akbas' cultivar, with a 

control yield of 9.2 t/ha for 'Akbas'. Comparison showed 

that M. wolgicus was more salt tolerant overall, with CHPs 

kd-1829, 1828, 1830, 1823, and 1832 having minimal yield 

reduction under salinity—just 4.3% to 10.0% compared to 

controls (Table 3 and 4). Of them, the most productive CHP 

kd-1829 was advanced to state variety trials and 

subsequently converted into a new cultivar 'Aq tań' by 

repeated mass selection from CHP kd-592. 'Aq tań' 

produced 13.4 t/ha green mass (16.1% more), 3.5 t/ha dry 

matter (16.0% more), and 170 kg/ha seeds (14.7% more) 

when grown on saline soils. It possessed 85.0% biological 

salt tolerance and 94.0% first-year survival with just a 

10.1% yield reduction under salinity compared to 15.3% for 

'Akbas'. It also possessed an improved nutritional value 

with 18.2% crude protein (1.0% higher) and 18.7% fiber 

(0.4% lower) compared to the standard. The cultivar 

combines characteristics like winter hardiness, drought 

tolerance, and resistance to seed pests and diseases, thus 

making it particularly suitable for farming in marginal 

saline soils without compromising on the quality of forage. 

Yields of green mass, dry matter, and seed are strongly 

inter-correlated, confirming consistent performance across 

productivity indicators. Salt tolerance and first-year survival 

show a very high correlation (r = 0.94), validating that 

physiological   tolerance  translates  into  field  survivability. 
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Table 3: Germination and salt tolerance of Melilotus accessions and hybrid populations under 1.05% NaCl solution 

Genotype/Cultivar Species Germination (%) Salt tolerance class Control germination (%) Germination reduction (%) 

Sarbas M. officinalis 63.0–87.5 High 95.0 8–34 

Bars M. wolgicus 75.0–85.0 High 94.0 10–20 

Qarlybas M. wolgicus 78.0 High 92.0 15 

CHP kd-1829 (Aq tań) M. wolgicus 85.0 Very high 96.0 11 

CHP kd-1690 M. wolgicus 68.0 Moderate 89.0 24 

CHP kd-1828 M. wolgicus 70.0 High 91.0 23 

CHP kd-1830 M. wolgicus 74.0 High 90.0 18 

CHP kd-1689 M. wolgicus 72.0 High 90.0 20 

Tolerance classification: very low (<20%), low (21–40%), moderate (41–60%), high (61–80%), very high (>81%). 

 

Table 4: Field performance of selected Melilotus accessions under saline and non-saline conditions 

Genotype Green mass yield (t/ha) Yield reduction under salinity (%) First-year survival (%) Salt tolerance (%) Comments 

Akbas (control) 9.2 15.3 95.0 82.0 Standard check 

Bars 10.5 9.8 96.5 90.0 High salt tolerance 

CHP kd-1829 (Aq tań) 13.4 10.1 94.0 85.0 Advanced to variety trials 

CHP kd-1828 12.6 8.7 92.0 83.0 Stable under salinity 

CHP kd-1830 12.0 9.3 91.0 82.5 Consistent performer 

CHP kd-1689 11.8 10.0 90.0 81.0 Moderate resilience 

Sarbas 10.4 13.0 88.0 75.0 High seed quality 

 

Table 5: Pearson correlation coefficients (r) among yield and stress-related traits of Melilotus cultivars 

Trait 1 Trait 2 r Significance Interpretation 

Green mass yield Dry matter yield 0.97 P<0.01 Very strong positive 

Green mass yield Seed yield 0.89 P<0.01 Strong positive 

Green mass yield Crude protein 0.46 ns Weak positive 

Green mass yield Salt tolerance 0.83 P<0.01 Strong positive 

Dry matter yield Seed yield 0.91 P<0.01 Strong positive 

Seed yield Salt tolerance 0.76 P<0.05 Moderate positive 

Salt tolerance First-year survival 0.94 P<0.01 Very strong positive 

Crude protein Fiber content −0.58 ns Moderate negative 

 

A moderate negative trend between crude protein and 

fiber indicates typical dilution effects with increasing 

maturity and biomass (Table 5). In creating new starting 

material and sweet clover varieties, the genetic potential of 

domesticated and wild plant species was successfully used. 

By implementing a set of breeding techniques, Bars and 

Qarlybas cultivars of Melilotus wolgicus were bred, which 

are adapted to purposes such as green fodder, obtaining 

high-quality hay, silage, pellets, vitamin-herbal meal, and 

green manure for soil fertilization. These cultivars are 

resistant to environmental abiotic and biotic stress agents. 

They produce 15.5–22.8 t/ha of green mass, 5.3–5.7 t/ha of 

dry matter, and 250–260 kg/ha of seeds in the Northern 

Kazakhstan conditions, with a yield of 0.72–1.04 t/ha of 

digestible protein. Using edaphic selection, salt-tolerant 

breeding material was bred, which resulted in the Melilotus 

wolgicus cultivar Aq tań. This cultivar can be grown on 

weakly saline soils for forage, for soil improvement, and for 

rehabilitation of the fertility of solonetzic (alkaline) soils. 

 

DISCUSSION 

 

 The results of this study demonstrate that the newly 

developed Melilotus wolgicus cultivars—‘Bars’, ‘Qarlybas’, 

and ‘Aq tań’—combine high forage productivity with 

enhanced tolerance to multiple environmental stresses 

characteristic of Northern Kazakhstan. The significant 

genotypic variation observed among cultivars (Table 4) 

confirms the efficiency of the breeding strategy that 

integrated genetic resources from the N.I. Vavilov Institute 

with locally adapted hybrid populations. The superior 

productivity of M. wolgicus cultivars over the standard 

‘Akbas’ reflects the success of selection for yield potential 

under water-limited and saline conditions. The green mass 

yield of ‘Qarlybas’ (22.8 t ha⁻¹) and ‘Bars’ (19.4 t ha⁻¹) 

exceeded the control by 14–22%, aligning with previous 

findings that stress-resilient Melilotus accessions can 

maintain biomass accumulation under drought and salinity 

(Parsayev & Filippova, 2017; Liu et al., 2018; Filippova et al., 

2022). The crude-protein content (19–20%) remained high 

across genotypes, consistent with reports by De Dios 

Guerrero-Rodriguez et al. (2011), indicating that salt stress 

had little effect on forage nutritive value. 

 The ANOVA results further underline the strong 

influence of genotype on yield parameters, with highly 

significant differences (P<0.01) for green mass and seed 

yield and moderate effects for dry-matter yield. The 

relatively low coefficients of variation (4.8–6.9%) suggest 

experimental precision and the stability of trait expression. 

These results correspond well with the observations of 

Sagalbekov (2018), who noted that yield improvement in 

Melilotus is primarily genotype-driven under northern 

continental conditions. Salinity is one of the principal 

abiotic stresses constraining forage production in 

Kazakhstan’s steppe regions. The laboratory and field 

evaluations confirmed that Melilotus possesses inherent 

tolerance to moderate salinity, supporting its potential use 

in phytoremediation and sustainable land management (Al 

Sherif, 2009; Luo et al., 2016; Sagalbekov & Ualieva, 2016; 

Ţiţei, 2022). The germination rates of 62–87.5% under 

1.05% NaCl highlight the wide genetic variability available 

for breeding. The newly released cultivar ‘Aq tań’ (kd-1829) 

was particularly notable, exhibiting 85% germination under 

salt stress, 94% survival in the first year, and high yield 

performance on sulfate–chloride soils. These attributes 

suggest strong osmotic adjustment and root-system 

plasticity—traits previously associated with salt-tolerant 

Melilotus species (Al Sherif, 2009; Sowa-Borowiec et al., 
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2022; Borhani et al., 2024; Merga et al., 2025). The 

maintenance of high biomass and protein content under 

salinity implies effective ion homeostasis and accumulation 

of compatible solutes, as reported in Melilotus albus and 

M. indicus (Parrish et al., 2005; Aboel-Atta, 2009). 

Correlation analysis (Table 5) revealed strong positive 

relationships among yield components (r = 0.89–0.97) and 

between salt tolerance and survival rate (r = 0.94). These 

findings indicate that selection for one yield trait (e.g., 

green mass) will likely improve others, simplifying the 

breeding process. The strong association between salt 

tolerance and first-year survival further validates the use of 

laboratory germination tests as early predictors of field 

performance, as suggested by Sinelnikova et al. (1989). 

 Interestingly, crude protein content was weakly 

correlated with yield but negatively associated with fiber (r 

= −0.58), a pattern consistent with forage-quality trade-

offs observed by Dashkevich et al. (2018). Thus, while 

productivity increases, maintaining optimal feed quality 

requires balanced selection targeting both biomass and 

chemical composition. The harsh continental climate and 

extensive solonetz soils of Northern Kazakhstan present a 

major challenge to forage production. The development of 

Melilotus cultivars capable of thriving in such environments 

represents a sustainable step toward improving livestock 

nutrition and rehabilitating marginal lands. The 

demonstrated performance of ‘Bars’, ‘Qarlybas’, and ‘Aq 

tań’ under both zonal and saline soils confirms that the 

applied breeding program—combining classical 

hybridization, local adaptation screening, and stress-

tolerance assays—is an effective model for legume 

improvement (Nong et al., 2022; Sowa et al., 2025). 

 These results align with regional priorities identified in 

the State Register of Breeding Achievements of Kazakhstan 

(2023) and with broader trends emphasizing climate-

resilient forage crops (Kosolapov et al., 2015; Pilipko, 2017; 

Sowa et al., 2022; Bejenaru et al., 2024; Sowa-Borowiec et 

al., 2025). By integrating drought and salt tolerance with 

high forage quality, the new cultivars can contribute 

significantly to feed self-sufficiency, reduce reliance on 

imported protein sources, and support sustainable 

livestock systems across Central Asia. Future research 

should focus on the molecular and physiological 

characterization of the developed cultivars to elucidate the 

genetic mechanisms underlying salt and drought 

tolerance. Incorporating genomic tools such as SSR and 

RAPD markers (Aboel-Atta, 2009) could enhance selection 

efficiency. Furthermore, integrating Melilotus into crop 

rotations and green-manure systems can accelerate soil 

fertility restoration on degraded solonetz lands (Filippova 

et al., 2018; Sagalbekov & Ualieva, 2016; Казарина et al., 

2023; Wang et al., 2024). 

 

Conclusion 

 The stress-tolerant sweet clover cultivars developed 

from this research will enable the provision of high and 

stable forage yields, which will enhance the stress 

tolerance of forage production systems in dry regions, 

reduce the deficiency of protein in animal diets, and help 

conserve and enrich soil fertility. Overall, the breeding 

program successfully produced Melilotus cultivars with 

high yield, quality, and stress resilience. The integration of 

phenotypic selection and environmental screening under 

both controlled and field conditions proved effective for 

developing genotypes adapted to Kazakhstan’s saline and 

drought-prone landscapes. The cultivars ‘Bars’, ‘Qarlybas’, 

and ‘Aq tań’ thus represent a significant contribution to 

sustainable forage production and land reclamation in 

Northern Kazakhstan. 
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