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Introduction. Alfalfa (Medicago sativa L.) is the most important forage crop in Iran. Iran is recognized as one of the
primary centers of origin of alfalfa worldwide and possesses extensive genetic diversity associated with this species. In
general, from both genetic and breeding perspectives, cultivars grown domestically and globally are predominantly
open-pollinated populations with varying levels of genetic diversity or genetic base. Local and indigenous populations
(ecotypes) account for the largest cultivated area in the country. Most alfalfa cultivars used in recent decades worldwide
are synthetic or composite populations with diverse genetic backgrounds, developed through the intercrossing of
selected clones or superior populations. A key step in the development of synthetic varieties in alfalfa is the estimation
of parental combining ability, typically assessed through forage yield performance of progenies derived from
polycrosses.

Materials and Methods. With the objective of selecting superior parents with favorable general combining ability for
the development of a synthetic population, the present study was conducted using 20 genotypes. These included 10
polycross progenies (half-sib families) along with 10 domestic parental alfalfa genotypes, comprising two cultivars
(‘Ahang’ and ‘Mandegar’), two ecotypes from Bam and Yazd, and six ecotypes from cold and temperate regions
identified by the codes KFA3, KFA4, KFAI1l, KFA13, KFA15, and KFA16. The experiment was carried out in a
randomized complete block design (RCBD) with three replications at the research farm of the Seed and Plant
Improvement Institute in Karaj over the years 2020 to 2022. Each genotype was planted in four double-row plots, each
five meters in length, with 50 cm spacing between rows. The seeding rate was calculated at 25 kg per hectare. Irrigation
was applied using the furrow method at intervals of 7-10 days. The first year (2020) was considered the establishment
phase, and data collection was conducted over two years starting from spring 2021. The traits evaluated included plant
height, stem density per square meter, regrowth rate, fall dormancy score, and dry and fresh forage yield. Mean
comparisons over the two-year period were performed using the SNK test at the 5% probability level.

Results and Discussion. Statistical analysis indicated significant differences among genotype means for all traits except
fresh forage yield. Among the polycross progenies, Poly-KFA3 exhibited the highest dry forage yield with 22.91 tons
per hectare, while Poly-KFA15 showed the lowest yield with 19.48 tons per hectare. The mean fresh and dry forage
yields of the polycross progenies were 3.7 and 0.7 tons per hectare higher, respectively, than those of the parental
genotypes. Among the evaluated materials, the polycross progenies Poly-KFA3 and Poly-Yazdi exhibited the greatest
plant heights, with mean values of 78.6 and 77.4 cm, respectively, whereas the parental genotype KFA11 showed the
lowest height at 66.1 cm. Overall, the polycross progenies showed an average increase of approximately 4 cm in plant
height compared to the parental genotypes. Regarding regrowth rate, measured 14 days after harvest, the genotypes
Poly-Yazdi, Yazdi, and Poly-KFA3 showed the highest regrowth rates, with mean values of 44.2, 43.6, and 42.4 cm,
respectively. In contrast, KFA11, KFA3, and Ahang exhibited the lowest regrowth, with averages of 24.8, 27.0, and
27.4 cm, respectively. The polycross progenies displayed an average increase of 3.7 cm in regrowth rate relative to the
parental genotypes over the 14-day period following harvest. For fall dormancy score, the polycross progenies Poly-
Yazdi and Poly-KFA3 recorded the highest values, with means of 8.7 and 8.6, respectively, while the parental genotypes
KFA11, KFA3, and Ahang showed the lowest scores, averaging 3.1, 3.4, and 3.4, respectively. The mean fall dormancy
score of the polycross progenies (6.4) represented a 20% increase compared to that of the parental genotypes (5.1). A
distinguishing characteristic of tropical or, more precisely, semi-dormant and non-dormant alfalfa types—such as the
Bami—is their high regrowth rate and fall dormancy score. The polycrossing of Bami and Yazdi alfalfa with cold-
region genotypes (dormant type), and the transfer of these traits into cold-adapted germplasm, resulted in substantial
heterosis for these characteristics in the derived half-sib families. The highest heterosis percentages observed among
the polycross progenies for plant height, stem number per square meter, regrowth rate, fall dormancy score, fresh forage
yield, and dry forage yield were 13.25%, 7.94%, 57.03%, 150.49%, 10.92%, and 14.25%, respectively. With respect to
forage yield traits, the highest general combining ability (GCA) was associated with the parent KFA3, with values of
6.33 and 1.99 tons per hectare for fresh and dry forage yield, respectively. In contrast, the lowest GCA was observed
for KFAL1S, with values of —6.2 and —1.45 tons per hectare for fresh and dry forage yield, respectively.

Conclusion. Based on the estimates of general combining ability of the parental genotypes, along with their origin and
cultivation area, and with the aim of maximizing genetic diversity while minimizing inbreeding effects in subsequent
seed production generations, five parents—Bami, Yazdi, KFA3, KFA13, and KFA16—were selected for intercrossing
to develop a new synthetic variety.
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Table 1. Some information from 10 ecotype/ Cultivars in the experiment.

NO. Parents Characteristic Planting region
Half-sib families( polycoss progenies)
1 Bami Warm- Warm temperate Bam-Kerman
2 Yazdi Temperate Yazd
3 Ahang -Cold-Hamedani Cold and Cold temperate climate
4 KFAl6 Cold-Hamedani Ghahavand-Hamedan
5 KFA4 Cold-Hamedani Kouzareh-Hamedan
6 Mandegar Cold-Gharahyunjeh Cold and Cold temperate climate
7 KFA3 Cold-Gharahyunjeh Malekan-East Azerbaijan
8 KFA13 Cold-Gharahyunjeh Salmas-West Azerbaijan
9 KFA11l Cold-Gharahyunjeh Poldasht-West Azerbaijan
10 KFA15 Cold-Gharahyunjeh Tikmehdash East Azerbaijan
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Table 2. ANOVA (mean of square) of studied traits for half-sib families and their parents during two years (2021-22).
Plant height M Regrowth rate Fall dormanc Fresh forage Dry forage .
S.0.V df (cm) Stem no. per m ’ (cm) score v yield (t ha'%) yiel)(ll (t hf‘ b} Moisture %
Replication(R) 2 600.75 2871.60 42.85 3.92 437.05 13.50 9.64
Genotype(G) 19 4537 1830.09" 172.03* 18.93" 88.93" 6.42" 2.83™
G*R 38 10.20 951.72 10.01 1.28 74.94 3.66 2.53
Year(Y) 1 993.60" 100931.60° 596.97" 159.62™* 1639.92" 199.25"™ 13.57"
Y*G 19 10.49" 1788.78* 9.02" 1.22™ 34.43" 1.87" 1.48"
Y*R 2 86.77" 2155.44" 0.8" 1.62™ 565.80" 34.75" 4.03"
Residual 38 9.68 1093.54 2.48 1.03 27.20 1.85 1.02
CVy, 423 6.39 4.57 17.62 6.87 6.61 1.39
b sl ixe BB pae g AV TN (70 olzsl Jlexs] prhans 3yl ime M) Sly s ™ g T
Table 3. Mean comparisons of studied traits in tested genotypes.
. " Fresh forage yield . 1 .
Genotype Plant height (cm) Stem no m Regrowth rate (cm) Fall dormancy score (tha™) Dry forage yield (t.ha™) Moisture %
Poly-Bami 76.0 abc 496.6 b 36.7 be 6.8 b 78.62 21.06 73.1
Poly-Yazdi 77.4 ab 510.1 ab 442 a 8.7 a 79.74 22.11 72.3
Poly-Ahang 74.1 abc 521.0 ab 35.7 bed 6.1 be 77.21 20.80 73.0
Poly-KFA16 75.2 abc 519.8 ab 35.7 bed 6.4 be 74.02 19.74 73.2
Poly-KFA4 75.0 abc 533.6 ab 35.1 cd 6.6 be 78.05 20.77 73.3
Poly-Mandegar 75.7 abc 502.5 ab 334 cd 5.5 bede 74.55 20.35 72.6
Poly-KFA3 78.6 a S11.1 ab 424 a 8.6 a 84.11 22.91 72.6
Poly-KFA13 74.4 abc 550.1 a 349 cd 53 bede 80.13 21.11 73.7
Poly-KFA11 74.9 abc 513.7 ab 32.8 cde 5.1 bede 79.76 20.88 73.8
Poly-KFA15 72.6 abc 528.5 ab 325 cde 5.1 bede 71.58 19.48 72.8
Bami 74.8 abc 521.1 ab 40.7 ab 8.6 a 77.05 22.13 71.3
Yazdi 73.5 abc 499.9 ab 43.6 a 8.5 a 76.23 20.86 72.6
Ahang 71.4 be 524.4 ab 27.4 efg 34 de 69.61 19.03 72.6
KFA16 71.6 be 492.5 b 309 cdef 44 cde 69.68 19.56 71.9
KFA4 72.1 abc 542.9 ab 30.7 cdef 44 cde 77.00 21.13 72.5
Mandegar 73.3 abc 505.3 ab 30.1 def 44 cde 73.91 19.34 73.8
KFA3 70.3 c 532.2 ab 27.0 fg 34 de 76.19 20.05 73.7
KFAI13 71.3 be 509.7 ab 34.5 cd 5.0 bede 75.08 20.69 72.4
KFALll 66.1 d 5453 a 24.8 g 3.1 e 76.78 20.28 73.5
KFAILS 72.6 abc 490.6 b 36.1 bed 5.5 bede 69.39 19.26 72.1
Polycross progenies mean 75.4 518.7 36.3 6.4 77.78 20.92 73.0
Parents Mean 71.7 516.4 32.6 5.1 74.09 20.23 72.6
Grand Mean 73.5 517.6 34.5 5.7 75.93 20.58 72.8
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Table 4. Estimation of general combing ability and heterosis in half-sib families (poly-cross progenies) for the studied traits.
Plant height (cm) &g £ | e 2 el 200y S il s 03 FusledSes S adge 3ySes
Stem no. per m Regrowth rate (cm) Fall dormancy score Fresh forage yield (t ha™) Dry forage yield (t ha™)
Ere S Erdes P ErdeSy S P S S ErdesF
HU odlgls A () w95 A () o950 A () o950 A () o950 A (%) w3955 A (72) o9
Half-sib family General Hetrosis General Hetrosis General Hetrosis General Hetrosis General Hetrosis General Hetrosis
combining combining combining combining combining combining
ability ability ability ability ability ability
Poly-Bami 0.65 1.72 -22.14 -4.70 0.33 -9.89 0.39 -20.93 0.85 2.04 0.14 -4.83
Poly-Yazdi 1.97 5.26 -8.57 2.05 7.82 1.18 2.29 1.95 1.97 4.60 1.19 6.03
Poly-Ahang -1.30 3.73 2.29 -0.65 -0.65 30.23 -0.34 76.70 -0.57 10.92 -0.12 9.27
Poly-KFA16 -0.16 5.11 1.13 5.54 -0.59 15.54 -0.04 44.70 -3.76 6.23 -1.18 0.95
Poly-KFA4 -0.40 4.06 14.86 -1.72 -1.23 14.39 0.22 51.91 0.27 1.36 -0.15 -1.70
Poly-Mandegar 0.35 3.37 -16.17 -0.55 -2.89 11.16 -0.94 24.24 -3.23 0.87 -0.57 5.23
Poly-KFA3 3.20 11.85 -7.61 -3.96 6.09 57.03 2.19 150.49 6.33 10.39 1.99 14.25
Poly-KFA13 -1.04 430 31.43 7.94 -1.47 0.97 -1.14 4.64 2.36 6.74 0.19 2.02
Poly-KFAL1l -0.52 13.25 -4.97 -5.79 -3.58 32.32 -1.34 61.70 1.98 3.89 -0.04 2.98
Poly-KFA15 -2.76 0.00 9.76 7.72 -3.83 -9.99 -1.28 -6.67 -6.20 3.15 -1.45 1.11
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