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Evaluation of Native Common Millet (Panicum miliaceum L.) Accessions of Iran
under Salinity Stress Conditions
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Table 1. Analysis of variance for studied traits of check accessions in augmented
experimental design under salinity stress conditions in 2021
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o131 4 s Flag leaf Flag leaf Plant Grain
Source of variation =~ =!=% df length width height yield
Block S 9 10 0.028 55 4653 ™
Accession SN 4 g 6 25 0.023 158 70891**
Error L 53 13.80 0.077 68 14794
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Table 2. Center tendency and dispersion statistics for studied traits of native common millet accessions of Iran under salinity stress conditions in 2021

_ Grassila) & 5 Jsb CGrasila) & 5 5 0 (rozila) oS gl oS g, S (LSS 53 pf)l:ﬂ s 3 Slas

Statistics ©Ll Flag leaf lengt (cm)  Flag leaf width (cm)  Plant height (cm) Plant pubescence Grain vyield (kg ha™)
Mean oSk 21.09 1.40 68.30 - 1920

Standard error of mean o= 31 3,1kl sl 0.24 0.00 0.60 - 0.05

Mode L 23.00 1.50 71.00 5.0 -

Standard deviation 21kl Hlre ) ol 3.73 0.29 9.59 - 0.80

Minimum €S 10.50 0.40 42.00 1.0 170

Maximum e 30.00 2.20 94.00 9.0 3920
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Table 3. Origin and grain yield of selected native common millet accessions of Iran under salinity stress conditions in 2021

6ls 5 Sles 4l 5 Sles

SN 45 OSa 3 p 5 48D S5 el 0sled OSa 53 p 58
Accession Origin .l Grain yield (kg hat) Accession No.  Origin .l Grain yield (kg ha)
15-23 Qaenat oLk 3920 15-286 Khorasan-e- Razavi Sy Olul & 1337

15-86 Gonabad L 3449 15-123 Lordegan o) 1133

Ferdous (91) Ferdous s 3216 15-48 Shahr-e-Kord 55 4 1084

15-241 South Khorasan o5 Ol = 3207 15-19 Mehriz P 1031

15-235 South Khorasan s Ol = 3035 15-30-1 Bafq 3L 912

15-223 South Khorasan s Ol = 2798 15-302-2 West Azarbayjan o f Olam )3T 860

15-192 Hamedan Oldes 2794 15-296 Kerman ol S 814
Pishahang Karaj =5 2617 15-298-1 Kerman Ry 749

15-10 Bafq 3L 2160 15-237 South Khorasan Loy Olal = 651
Ukranian Landrace Ukraine ol S 2092 15-194 Hamedan Oldes 638
Semnan 172-SH-MIL-11  Semnan Ol 2061 15-297-2 Kerman ol s 584

15-271 Kohgiluyeh and Boyer-Ahmad el g g 4 IS 2012 15-30-2 Bafq 3L 566

15-49 Isfahan R 1788 15-121 Bafq 3L 535

15-156 Unknown aslst 1763 15-288 Khorasan-e- Razavi Sy Olul = 338
15-298-2 Kerman oL S 1727 15-210 West Azarbayjan (s Ol 3T 277
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Table 4. Analysis of variance for different traits in selected Iranian common millet accessions under non-stress and salinity stress conditions
in 2022

@337 a3 SRS oS ¢ sl b dsb S s B 55, S ble > Slas wls o 03 wls 5> Shee

Source of variation  <'s¥ e df Day to flowering Plant height Panicle length Day to maturity  Dry forage yield  100-grain weight Grain yield
Non-Stress S5 09

Block sk 2 15.5%* 59 16.8 23.6 6.1 0.001 1.57

Accession RPN 30 61.9** 122 41.6** 92.5 9.3** 0.038** 4,18**

Error [ 60 2.1 118.0 13.0 82.4 4.0 0.009 0.888
Salinity stress 55 i

Block <S5k 2 17.2 52.7 4.8 43.4 0.8 0.029 3.43

Accession 4 god 30 127.0** 254.0 55.5** 64.2 5.6 0.032** 2.34

Error s 60 16.1 163.0 10.2 64.7 3.7 0.010 1.61

**. Significant at the 1% probability level. o3 6 Lo g 53 la e e

VN Jlo )3 658 SR 5 A5 Ogks oyl 13 53 0 Ol same 0551 (S5 St sas 55 &8 T undy sl st Ui gl s il & o =0 J g
Table 5. Analysis of variance for leaf water status indices in selected common millet accessions under non-stress and salinity stress conditions in 2022

PR ESE i ST e Ll ST Ol T Ll 5 5aS Ol e ik oS S AT 4 Jos 0o

Source of variation e df Relative water content  Water content at saturation  Water saturation deficit  Leaf tissue density  Salinity stress tolerant score
Non-stress S Ok

Block s sk 1 1.3 0.11 0.0001 1.3 -

Accession 4 g3 30 87.7** 0.67** 0.0090** 73.4%* -

Error e 30 5.0 0.03 0.000497 3.7 -
Salinity stress  ¢,55 i

Block S sk 1 1.6 0.0005 0.0002 8.76 0.13

Accession 4 ge 30 211.0** 2.3600** 0.0210** 556.00** 22.20**

Error e 30 2.1 0.1000 0.0002 14.80 0.20

**: Significant at the 1% probability level. 53 685 Jlaz pelans 53l e e

VAV
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Table 6. Mean of agronomic and phenological of selected common millet accessions under non-stress and salinity stress conditions in 2022

BYNEE P

G 53 ) 4l 5 Sl GEs 53 ) S gl 3 Shas A 5, S ds b3, Gosil) olE £lis Gesil) ad g b ) als 4003 Salinity stress
Grain yield (ton ha™) Dry forage vield (ton ha®) Day to flowering (day) Day to maturity (day) Plant height (cm) Panicle length (cm) 100-grain weight (q) tolerant score
. Sosh S Sosh A5 Sosh S Sosh A5 Sosh A5 Sosh 5 Sosh A Soss A5

ECIETS U5 O Salinity O Ok Salinity O 05k Salinity U 05 Salinity S5 05k Salinity O 05k Salinity o5 Ok Salinity Salinity
Accession Non-stress stress Non-stress stress Non-stress stress Non-stress stress Non-stress stress Non-stress stress Non-stress stress stress
15-10 4.5 1.8 7.6 7.0 57.3 31.0 75.3 71.0 86.0 81.3 12.3 16.6 0.43 0.47 4.3
15-121 15 1.3 4.3 4.2 46.0 48.3 73.0 78.3 74.0 54.7 19.5 18.3 0.57 0.43 1.0
15-123 3.0 2.0 3.6 6.3 49.7 49.0 70.0 73.3 77.0 74.7 12.0 7.7 0.53 0.40 8.7
15-156 4.2 1.9 4.3 4.3 51.3 52.0 71.7 80.7 83.7 75.7 12.3 8.7 0.50 0.43 5.0
15-19 2.0 1.0 75 4.4 50.7 54.3 78.3 78.0 73.7 55.0 9.7 7.0 0.37 0.37 4.3
15-192 4.6 3.0 7.9 6.6 56.0 60.3 86.3 79.3 83.7 90.3 7.3 7.7 0.47 0.40 7.7
15-194 34 15 4.4 4.1 44.7 47.7 66.3 72.0 82.0 66.3 15.0 19.7 0.70 0.73 1.7
15-210 1.7 15 4.3 4.9 447 45.7 74.7 79.7 66.0 62.0 185 9.7 0.67 0.47 2.0
15-223 3.8 3.3 8.6 7.1 58.3 58.3 80.7 84.7 82.3 81.0 8.3 8.2 0.43 0.40 7.3
15-23 4.2 2.5 8.9 6.6 56.0 58.3 84.6 80.0 80.0 67.7 7.7 9.7 0.57 0.37 7.3
15-235 4.5 3.0 6.8 3.2 51.7 57.0 88.7 86.3 84.0 63.3 11.2 9.3 0.50 0.53 7.3
15-237 2.0 1.8 4.9 5.8 47.7 48.7 76.0 81.7 85.3 68.7 16.0 18.0 0.57 0.60 3.3
15-241 3.6 3.0 7.8 7.3 57.7 40.0 81.3 85.3 75.7 68.0 8.3 10.0 0.43 0.50 9.0
15-271 2.5 2.3 3.9 4.0 453 49.7 75.7 79.0 74.3 69.3 17.7 14.6 0.67 0.60 3.3
15-286 3.7 1.6 5.8 35 49.7 53.3 77.0 82.0 92.7 71.7 10.0 10.8 0.50 0.50 2.0
15-288 0.3 0.2 3.7 2.2 46.0 46.0 68.0 70.7 72.3 54.7 11.0 14.3 0.37 0.37 4.3
15-296 2.7 1.3 6.1 45 52.7 49.7 80.7 76.7 81.0 75.0 5.8 10.3 0.53 0.47 5.0
15-297 3.1 2.1 6.2 4.5 45.3 47.0 78.3 75.3 82.0 64.7 15.8 16.3 0.73 0.73 8.0
15-298-1 3.0 2.3 4.4 5.3 45.0 46.7 77.0 7.7 74.3 64.7 14.0 13.0 0.77 0.63 1.3
15-298-2 3.0 2.0 4.5 4.0 46.0 45.7 72.0 75.7 80.0 68.0 15.2 17.3 0.77 0.63 7.3
15-300-1 11 0.8 4.5 34 47.7 45.0 71.3 73.3 70.7 64.0 18.0 21.3 0.60 0.47 7.0
15-300-2 1.1 0.7 3.4 3.2 45.3 45.0 72.0 75.3 68.3 56.0 16.3 20.3 0.57 0.47 5.7
15-302 1.7 1.1 34 6.5 46.3 47.7 70.7 74.7 72.7 60.3 15.2 15.6 0.63 0.43 3.7
15-48 1.6 1.0 6.7 3.8 49.0 50.3 85.7 75.3 77.0 67.3 11.3 8.7 0.40 0.53 5.3
15-49 3.4 2.7 9.0 6.6 52.7 54.3 83.0 83.3 81.7 71.7 9.8 8.0 0.40 0.37 9.0
15-86 3.7 2.2 6.5 5.3 54.7 59.3 75.0 88.3 87.3 71.7 10.3 8.3 0.53 0.53 2.3
Birjand Landrace 4.4 34 6.6 5.9 53.7 56.3 83.7 83.3 74.7 83.3 8.3 8.7 0.53 0.50 8.7
Ferdous (91) 45 2.0 7.7 7.0 55.0 58.3 82.3 74.3 91.3 75.0 9.3 10.3 0.47 0.37 1.0
Pishahang 3.1 1.7 4.4 4.6 58.0 60.3 77.0 80.7 82.7 77.3 9.3 12.3 0.57 0.43 9.0
Semnan (74) 3.6 18 4.1 5.0 48.3 55.0 80.3 81.7 83.7 76.3 9.2 13.3 0.50 0.50 7.0
Ukranian Landrace 2.4 4.2 4.9 4.7 48.7 50.0 80.0 83.0 82.3 84.7 14.8 10.7 0.67 0.60 9.0
LSD 1% 0.73 0.99 1.56 1.50 1.13 3.15 7.12 6.31 8.52 10.1 2.83 251 0.07 0.08 0.35
LSD 5% 0.76 1.03 1.62 1.55 1.16 3.25 7.35 6.51 8.8 10.34 2.92 2.59 0.08 0.082 0.36
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Table 6. Mean of leaf water status indices of selected common millet accessions under non-stress and salinity stress conditions in 2022

(1) 5 1 ooei T Oljen (s ool p 5 5 0T 0,9 & el OT Ol (1) & ST gLl s 4aS Ol (5SS 208 i (S5

Relative water content (%) Leaf water saturation (g H20 g DW-)  Leaf water saturation deficit (%) Leaf tissue density (g kg1)
SIS 4 e R O Sosm S5 R Soss A5 o= O Soss S o O Sos o5
Accession Non-stress  Salinity stress  Non-stress Salinity stress Non-stress Salinity stress Non-stress  Salinity stress
15-10 435 9.9 3.13 5.9 0.565 0.901 42.4 62.9
15-121 38.6 3.0 3.86 4.2 0.614 0.970 40.2 89.0
15-123 35.7 5.4 231 5.0 0.643 0.946 54.9 79.0
15-156 425 115 2.79 4.3 0.570 0.885 455 66.7
15-19 347 17.2 2.69 3.1 0.653 0.828 51.7 65.2
15-192 29.5 20.1 2.90 4.1 0.705 0.799 53.9 54.8
15-194 33.6 7.3 3.09 4.1 0.664 0.927 49.2 76.8
15-210 429 26.6 2.02 5.6 0.578 0.734 53.9 40.1
15-223 49.0 22.7 2.85 3.8 0.510 0.773 41.7 53.8
15-23 48.3 18.8 2.57 5.3 0.517 0.812 44.7 50.0
15-235 43.0 4.2 2.95 4.4 0.570 0.958 441 84.5
15-237 51.1 174 2.97 5.6 0.489 0.826 39.7 50.8
15-241 34.1 314 3.09 3.8 0.659 0.686 48.8 45.3
15-271 50.3 16.5 2.73 3.7 0.497 0.835 42.2 62.0
15-286 39.4 7.9 2.98 5.8 0.606 0.921 46.1 68.6
15-288 38.8 1.2 3.55 5.4 0.612 0.988 42.2 94.4
15-296 36.8 45 3.63 3.7 0.632 0.955 429 85.9
15-297 34.8 221 3.36 4.7 0.652 0.779 46.1 49.3
15-298-1 54.2 8.8 4.06 4.2 0.458 0.913 31.3 73.1
15-298-2 48.7 7.2 3.52 2.8 0.513 0.928 36.9 83.2
15-300-1 53.7 4.7 3.24 2.6 0.463 0.953 36.5 88.9
15-300-2 50.0 7.4 5.26 4.0 0.498 0.926 275 77.0
15-302 45.1 25.2 3.27 5.8 0.548 0.748 40.4 40.7
15-48 38.7 6.2 2.93 6.4 0.613 0.938 47.0 71.9
15-49 43.9 25.2 3.22 45 0.560 0.748 41.4 47.0
15-86 38.6 24.7 3.58 4.6 0.614 0.753 42.0 46.6
Birjand Landrace 50.3 442 2.60 1.6 0.496 0.558 43.3 58.3
Ferdous (91) 47.8 27.9 3.38 45 0.522 0.721 38.3 44.4
Pishahang 355 195 3.24 6.0 0.645 0.805 46.6 46.1
Semnan(74) 40.1 21.0 3.08 5.0 0.599 0.790 44.8 48.9
Ukranian Landrace 44.0 25.1 3.37 5.1 0.560 0.749 40.3 44.0
LSD 5% 1.75 1.15 0.146 0.232 0.017 0.011 151 3.02
LSD 1% 1.81 1.19 0.151 0.240 0.018 0.012 1.55 3.12
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Table 8. Calculated salinity stress tolerance and susceptible indices, using grain yield, for selected common millet accessions

S g Jos B Jes s e oSl Gosee el ol SGpele (o Kle 5 4 Sl 5> Shes 5ol N T EECRYIREC PR
Accession TOL STI MP GMP HM SSI YSI Yl STS
Ukranian Landrace -3.12 4.26 0.88 0.87 0.85 -4.26 14.10 2.53 30.87
Birjand Landrace 0.00 0.34 1.52 1.63 1.73 -0.33 10.89 1.62 18.05
15-223 -0.55 0.72 1.15 1.27 1.38 -0.72 10.49 1.51 17.79
15-241 -0.44 0.58 0.88 0.99 1.09 -0.58 9.28 1.17 15.02
15-235 0.56 -0.09 1.36 1.42 1.46 0.09 9.28 1.17 13.95
15-192 0.67 -0.15 1.41 1.46 1.50 0.15 9.28 1.17 13.85
15-49 -0.33 0.42 0.62 0.71 0.80 -0.42 8.08 0.83 12.21
15-271 -0.89 0.93 -0.07 0.02 0.11 -0.93 6.47 0.38 9.64
15-23 0.78 -0.38 0.94 0.94 0.94 0.38 7.27 0.60 9.15
15-298-1 -0.33 0.31 0.19 0.27 0.34 -0.31 6.47 0.38 8.60
15-86 0.56 -0.38 0.51 0.52 0.52 0.38 6.07 0.26 6.55
15-297 0.00 -0.05 0.14 0.19 0.23 0.05 5.67 0.15 6.27
15-123 0.00 -0.09 0.03 0.08 0.11 0.09 5.27 0.04 5.34
15-298-2 0.00 -0.09 0.03 0.08 0.11 0.09 5.27 0.04 5.34
15-237 -0.89 0.85 -0.61 -0.53 -0.46 -0.85 4.46 -0.19 5.26
Ferdous (91) 1.68 -0.98 0.83 0.68 0.53 0.99 5.27 0.04 3.70
15-156 1.45 -0.95 0.62 0.49 0.36 0.95 4.86 -0.08 2.89
15-210 -0.89 0.78 -0.93 -0.86 -0.79 -0.77 3.26 -0.53 2.59
Semnan(74) 0.90 -0.76 0.24 0.18 0.11 0.76 4.46 -0.19 2.39
Pishahang 0.45 -0.56 -0.07 -0.09 -0.12 0.57 4.06 -0.30 1.89
15-121 -0.89 0.71 -1.14 -1.08 -1.02 -0.71 2.45 -0.76 0.78
15-286 1.23 -1.03 0.19 0.06 -0.07 1.03 3.66 -0.42 0.12
15-194 1.01 -1.00 -0.02 -0.13 -0.25 1.00 3.26 -0.53 -0.67
15-296 0.45 -0.83 -0.50 -0.56 -0.61 0.84 2.45 -0.76 -2.09
15-302 -0.44 -0.17 -1.14 -1.11 -1.08 0.17 1.65 -0.98 -2.56
15-48 -0.44 -0.26 -1.24 -1.22 -1.20 0.26 1.25 -1.10 -3.59
15-10 1.90 -1.16 0.72 0.51 0.30 1.16 -1.16 -0.19 -4.03
15-300-1 -0.78 0.15 -1.62 -1.58 -1.54 -0.15 0.45 -1.32 -4.54
15-19 0.00 -0.76 -1.03 -1.06 -1.09 0.76 1.25 -1.10 -4.55
15-300-2 -0.67 -0.21 -1.67 -1.65 -1.62 0.21 0.04 -1.43 -6.09
15-288 -1.00 -0.09 -2.36 -2.34 -2.31 0.09 -1.96 -2.00 -10.16

TOL: Tolerance, STI: Stress tolerance index, MP: Mean productivity, GMP: Geometric mean productivity, HM: Harmonic mean, SSI: Stress susceptibility
index, YSI: Yield stability index, YI: Yield index, STS: Standardized stress tolerance score.
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Table 9. Calculated salinity stress tolerance and susceptible indices, using dry forage yield, for selected common millet accessions

S5 g Jos S e osem oSke Gl Gsese okin oS0k STpele 0Kke e Conles 3 Shee (ol 3 Shee 25 4 Jusad ok 31kl o e
Accession TOL STI MP GMP HM SSI YSI Yi STS
15-302 -2.48 3.17 -0.29 -0.43 -0.55 -3.19 3.20 3.22 13.99
15-123 -2.22 2.65 -0.29 -0.39 -0.46 -2.67 2.67 3.09 12.15
15-241 -0.11 0.02 1.58 1.62 1.65 -0.02 0.02 3.74 8.75
15-10 -0.05 -0.03 1.40 1.43 1.47 0.03 -0.03 3.55 7.81
Ferdous (91) 0.02 -0.07 1.43 1.47 1.50 0.07 -0.07 3.55 7.73
15-223 0.55 -0.34 1.79 1.81 1.82 0.34 -0.34 3.61 7.47
15-237 -1.03 0.82 -0.01 0.02 0.06 -0.83 0.83 2.77 6.35
15-192 0.41 -0.31 1.36 1.38 1.40 0.31 -0.31 3.29 6.10
15-23 1.07 -0.61 1.72 1.70 1.68 0.61 -0.61 3.29 5.48
15-49 1.14 -0.63 1.76 1.73 1.70 0.64 -0.64 3.29 5.43
15-298-1 -1.03 0.89 -0.37 -0.34 -0.30 -0.89 0.89 2.45 5.15
Birjand Landrace 0.02 -0.12 0.64 0.68 0.71 0.12 -0.12 2.84 450
Semnan (74) -1.03 0.93 -0.58 -0.56 -0.52 -0.94 0.94 2.26 4.45
15-210 -0.84 0.68 -0.55 -0.51 -0.46 -0.68 0.68 2.19 3.55
15-86 0.35 -0.37 0.39 0.41 0.43 0.37 -0.37 2.45 2.22
Pishahang -0.57 0.37 -0.62 -0.58 -0.52 -0.38 0.38 2.00 1.98
Ukranian Landrace -0.31 0.09 -0.40 -0.36 -0.31 -0.10 0.10 2.06 1.58
15-156 -0.44 0.23 -0.76 -0.72 -0.66 -0.23 0.23 1.80 0.78
15-121 -0.38 0.15 -0.80 -0.76 -0.70 -0.15 0.15 1.74 0.32
15-271 -0.51 0.31 -1.01 -0.97 -0.91 -0.31 0.31 1.61 0.15
15-194 -0.24 0.01 -0.80 -0.76 -0.70 -0.01 0.01 1.68 -0.32
15-296 0.61 -0.62 -0.04 -0.04 -0.04 0.62 -0.63 1.93 -0.67
15-297 0.68 -0.66 -0.01 -0.01 -0.01 0.66 -0.67 1.93 -0.76
15-298-2 -0.11 -0.13 -0.80 -0.76 -0.71 0.13 -0.13 1.61 -0.95
15-19 1.60 -1.11 0.42 0.32 0.23 1.11 -1.12 1.87 -2.10
15-300-2 -0.31 0.04 -1.48 -1.44 -1.38 -0.04 0.04 1.10 -2.79
15-300-1 0.28 -0.56 -1.01 -1.00 -0.97 0.57 -0.57 1.22 -3.74
15-48 1.47 -1.17 -0.08 -0.18 -0.27 1.18 -1.18 1.48 -4.05
15-286 1.07 -1.05 -0.51 -0.57 -0.62 1.06 -1.06 1.29 -4.66
15-235 1.93 -1.48 -0.26 -0.46 -0.63 1.49 -1.50 1.10 -6.65
15-288 0.55 -1.08 -1.73 -1.76 -1.76 1.09 -1.09 0.45 -8.62

TOL: Tolerance, STI: Stress tolerance index, MP: Mean productivity, GMP: Geometric mean productivity, HM: Harmonic mean, SSI: Stress susceptibility index, YSI:
Yield stability index, YI: Yield index, STS: Standardized stress tolerance score.
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Tablel10. Correlation coefficients between tolerance and susceptible indices, using grain yield (above table diameter) and dry forage yield

(below table diameter) for selcted common millet accessions (df=29)

el ool oSl 55l s Shes 5 S @l s 3kl 0je5  old 3kl o
Joow Gels iS4 e Lg)}ajg{;xij\.:ﬁ SI90,40 omka S gayla S A Gl 55 S8 e 5T bases ja 4lls :ng..& _S}ng& s (AT 4 Jemd e (RS 4 fes
TOL_G STILG MP_G GMP_G HM_G SSI_G GY_NS GY_SS YSI_G YI_G STS_G STS_F
TOL_F -0.877** 0.358* 0.304 0.251 0.875** 0.667** -0.126 -0.877**  -0.126 -0.318 0.105
STI_F -0.956** 0.075 0.118 0.158 -1.000** -0.274 0.524™ 1.000**  0.524** 0.671** 0.070
MP_F 0.292 -0.144 0.996** 0.986**  -0.080 0.935** 0.881™ 0.075 0.881** 0.766** 0.395*
GMP_F  0.276 -0.142 0.998** 0.997**  -0.123 0.911** 0.905** 0.118 0.905** 0.800** 0.405*
HM_F 0.258 -0.138 0.141 0.998** -0.163 0.883** 0.921** 0.158 0.921** 0.828** 0.408*
SSI_F 0.956**  -1.000** 0.903** 0.141 0.137 0.269 -0.528** -1.000**  -0.528** -0.675** -0.073
FY_NS 0.659**  -0.525** 0.854** 0.903** 0.892** 0.524™ 0.655** -0.274 0.655** 0.490** 0.355*
FY_SS -0.260 0.385* -0.141 0.854** 0.859** -0.385* 0.555** 0.524** 1.000** 0.975** 0.367*
YSI_F -0.956** 1.000** 0.857** -0.141 -0.137 -1.000** -0.524** 0.386* 0.524** 0.671** 0.070
YI_F -0.256 0.382* 0.447* 0.857** 0.861** -0.382* 0.558** 1.00** 0.524** 0.975** 0.367*
STS_ G 0.040 -0.003 0.574** 0.447* 0.453* 0.002 0.364* 0.418* 0.671** 0.421* 0.313
STS_F -0.614** 0.726** 0.998** 0.574** 0.580** -0.727** 0.183 0.914** 0.07 0.912** 0.313

*and **: Significant at the 5% and 1% probability levels, respectively.

.Mﬁagﬂ,m,ggdm,lchﬁ);)u@”gﬁ:;@:

Wk g%

TOL: Tolerance, STI: Stress tolerance index, MP: Mean productivity, GMP: Geometric mean productivity, HM: Harmonic mean, SSI: Stress susceptibility index, YSI: Yield
stability index, YI: Yield index, STS: Standardized stress tolerance score, GY: Grain yield, FY: Dry forage yield, F: Forage, G: Grain, NS: Non-stress, SS: Salinity stress.
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Table 11. Correlation coefficients for studied traits of selected common millet accessions under salinity stress (above table diameter) and

non-stress (below table diameter) conditions (df = 29)

> Shue
e Tl il s guS” S odbsdlales Ay, oS i g db oSas b gle Shey b5y wlsaw s als s Shes
o &y T g &0l &l Sosh o Jass Day to Plant Panicle sesle sSle  Dry forage Day to 100-grain Grain
Trait RWC WCS WSD LTD STS flowering height length Fresh yield yield maturity weight yield
RwWC -0.159 -10.000** -0.842** 0.265 0.309 0.422* -0.391* 0.551** 0.617** 0.499** -0.072 0.563**
WCS 1.000** 0.159 -0.292 -0.185 -0.08 -0.024 -0.051 -0.069 0.044 -0.107 -0.081 -0.212
WSD 0.192 -0.192 0.842** -0.265 -0.309 -0.422* 0.391* -0.551** -0.617** -0.499** 0.072 -0.563**
LTD -1.000** -0.784** 0.741** -0.151 -0.274 -0.407* 0.345 -0.538** -0.650** -0.446* 0.05 -0.458**
STS 0.152 0.428* -0.259 0.284 0.185 0.253 -0.114 0.466**
Day to flowering -0.184 -0.24 0.184 0.241 0.316 -0.562** 0.211 0.088 0.528** -0.288 0.327
Plant height -0.187 -0.098 0.187 0.097 0.473** -0.433* 0.701** 0.532** 0.315 -0.064 0.670**
Panicle length 0.326 0.198 -0.326 -0.304 -0.769**  -0.455* -0.464** -0.359* -0.522** 0.434* -0.466**
Fresh yield -0.089 -0.26 0.089 0.202 0.766** 0.475**  -0.612** 0.893** 0.303 -0.21 0.642**
Dry forage yield -0.114 -0.259 0.114 0.213 0.735** 0.405* -0.635™ 0.951** 0.217 -0.278 0.500**
Day to maturity -0.038 -0.249 0.038 0.169 0.561** 0.347 -0.592** 0.598** 0.716** -0.015 0.650**
100-grain 0.301 0.17 -0.301 -0.275 -0.572**  -0.188 0.612**  -0.488** -0.515** -0.367* 0.166
Grain yield -0.102 -0.313 0.102 0.245 0.656** 0.691**  -0.572** 0.682** 0.588** 0.562** -0.121

* and **: Significant at the 5% and 1% probability levels, respectively. )3 655 5 o3 gty Jlazl b 53l e 5 4 T g %

RWC: Relative water content, WCS: Water content at saturation, WSD: Water saturation deficit, LTD: Leaf tissue density, STS: Salinity stress tolerance score.
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Fig. 1. Biplot distribution of selected common millet accessions based on grain yield and

leaf relative water content traits
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Fig. 2. Biplot distribution of selected common millet accessions based on grain yield

under non-stress and salinity stress conditions
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Fig. 3. Biplot distribution of selected common millet accessions based on two factors in factor

analysis, factor 1: affected by plant height (PH), grain yield (GY), and dry forage yield (FY),

and factor 2: affected by relative water content (RWC) and water staturation deficit (WSD)
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Fig. 4. Biplot distribution of common millet accessions based on two factors in factor

analysis, factor 1: effected by tolerance indicies based on grain yield, and factor 2:

affected by tolerance indicies based on dry forage yield
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Table 12. Grouping of selected common millet accessions using K-mean cluster analysis and

distance of each accession from the center of the cluster

S 4 g

Accession

15-210
15-237
15-271
15-297
15-298-1
15-300-2
15-302

15-121
15-123
15-156
15-19
15-194
15-235
15-286
15-288
15-296
15-298-2
15-300-1
15-48

15-10
15-192
15-223
15-23
15-241
15-49

15-86
Birgand Landrace
Ferdous (91)
Pishahang
Semnan (74)

ab alols
Cluster Distance
1.0 6.5
1.0 10.2
1.0 5.3
1.0 7.6
1.0 5.7
1.0 11.0
1.0 9.7
2.0 11.9
2.0 9.8
2.0 11.1
2.0 11.5
2.0 10.5
2.0 13.2
2.0 12.2
2.0 15.3
2.0 8.7
2.0 8.0
2.0 12.4
2.0 6.1
3.0 16.9
3.0 14.4
3.0 8.7
3.0 8.1
3.0 10.8
3.0 7.2
3.0 7.0
3.0 15.3
3.0 11.4
3.0 12.6
3.0 8.6
3.0 11.2

Ukranian Landrace
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Table 13. Mean of traits used for center of clusters in slected common millet accessions

produced in K-mean cluster analysis under salinity conditions

Group 55

Trait S 1 2 3

Day to flowering AU 6, sl 46.4 49.3 54.1
Plant height (cm) Groila) olE £l | 69.2 724 80.2
Panicle length (cm) (esils) ad g Jsb 15.8 12.7 10.0
Fresh forage yield (Kg ha?) O y3p SoS) s absle s Se 11900 12900 21200
Dry forage yield (Kg ha®) G 3 p S oS oSt wisle s e 4600 4600 6600
Day to maturity S,y b3y 76.3 76.3 81.0
100-grain (g) (p,5) 415 10 035 0.61 0.51 0.48
Grain yield (Kg ha) Oy p TS wls s e 1900 2000 3200
Realtive water content (%) (1) K 5 i T lie 323 235 331
Water content saturation (g H20 g DW?) (S 05508 n 0T o ) slal OT i 4.1 3.7 3.8
Water satutration deficit (%) sl O 58 0.68 0.76 0.67
Leaf tissue density (g kg™) (SIS pp )Ll Sy 482 62.1 47.1
Salinity tolerance score (1-9) (1-9) 55 40 Joos 005 3.9 4.9 6.8

(Abbasi et al., 2018) o1, Ko 5 wls
o el il esla wl aSusls Ol_is
ﬁ)ﬁu&b%%kﬁﬁk‘fﬂ@jﬁ%—-@
Jromie slaad sad Ll (o0 e g o DML
g S BLUTEIT- ISR
OLSan 5 pdul s S plalid op b sud
Sleslerul o1, 5 55 (Islam et al., 2001)
o sl S ST Can s sla e L
22 Sos—t A5 4 Jamte (S35 sladd god
LS ASTE by e (Jsems Sle)
5 Jom sl a1 55 0l Ky sl
b Jole 4 452 O ot 5 25 4 ol
S5 Jeme —aDlip 5 (g 25,5 &l
S—is 4 (Abbasi et al., 2017) ¢,
los S ezl (Abolshahi et al., 2013)

144

Sl o 0303 OLES O Ssa gy sl ol
S T e S gme 48 Glas 55 &S
O A Sl G Je il 6 YL
(Nouri et al., asls Ol s 51 Sas
(Akter et al., 2020) ol,Kea 5 S71.2011)
23 plosps 05l sl 55 Lol L 58
ST Vs e VY B8 gy i Lal i
S5 5528 Sl 3 (5 S o310 5 (5 5
YL polie fese Glac s g5 45 Wisls Ol
B LA a sl o8 OT s (sl s |
Slgoen copl Ly s)ls Jlgdeen 5l gl
e e Ol 4 Ll 5 o 8y OT (o
Sl Jramie (S35 Slaas god Sl (1
35— osliiul (65— 4y Jumta B, A 55
.(Bayoumi et al., 2008)
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ABSTRACT
Abbasi, M. R. and Nakhaei, A. 2025. Evaluation of native common millet (Panicum miliaceum L.)
accessions of Iran under salinity stress conditions. Seed and Plant, 41, pp.175-205 (in Persian).

This study was carried out to identify salinity tolerance in native common millet
accessions of Iran. A set of 168 accessions of common millet (Panicum miliaceum L.)
conserved in the National Plant Gen Bank of Iran were evaluated in 2020 growing season
under salinity stress conditions (irrigation water with EC of 8 dS m™) in Agriculture and
Natural Resources Research and Education Center of South Khorasan, Birjand, Iran. The
superior 30 accessions of common millet toghether with Birjand landrace were selected for
planting in 2022 grwoing season. The experimental design for evaluation of selected
accessions was randomized complete block design with three replications and undertwo
conditions (irrigation water with EC =3 ds m™ and EC = 8 ds m™). Analysis of variance,
correlation, regression, K-means cluster analysis, factor analysis, and biplot were used for
processing of data. Leaf water status (RWC, WSD, WCS, LTD) and tolerance and susceptible
indices (STI, NP, TOL, HM, GMP, SSI, Y1, YSD, STS) were calcualted and used in the
analyses. Grain yield varied from 200 kg ha* in accession 15-19 to 4600 kg ha* in accession
15-192. Mean comparisons of leaf water status indices grouped the accessions alike grain
yield. Biplot based on two first factors of factor analysis identified the best accessions with
high mean grain and dry forage yields. Cluster analysis reveleaed the same results. Based on
this findings, accessions 15-23, 15-49, 15-223, 15-192, Ferdous (91) and native Birjand
accessions, which had high grain yield, also showed high relative water content (RWC) were
identified as salinity stress tolernat. These accessions can be used for development of salinity
toerant germplasm in the national common millet breeding program.

Keywords: Common millet, leaf water stutus, cluster analysis, dry forage yield, grain
yield.
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Introduction

There is a collection of common millet (Panicum miliaceum L.) accessions in Iran,
which has been collected and conserved in the National Plant Gen Bank of Iran (Abbasi
et al., 2024). The short life-cycle duration and C4 type photosynthesis system of common
millet makes it suitable for be grown in the marginal lands. Considring climate change,
decreasing in precipitation and its irrugalr distrubation, scarcity of irrigation water, and
increasing temperatures in Iran, it necessiates to search for some suitable alternative crops
adapted to developing environmental conditions in cropping systems. Millets including
common millet are suitable candidates for cultivation in such conditions. Salinity
tolerance in some common millet germplasm have been conducted in Iran. Kafi et al.
(2009) showed that 21% decreasing in grain yield of common millet under 5.5 ds m*
salinity stress conditions. Alizadeh Bonab et al., (2007) reported that 100 mM NaCl
significantly affected studied common millet germalsm, and shoot and root dry matter
significantly decreased. However, complete set of common millet accessions colleaction
of the National Plant Gen Bank of Iran has not been evaluated for salinity tolerance.

This study carried out to identify water salinity tolerance of complete set of common
millet accessions of Iran for being used as parents for development of salinity tolerant
germplasm in common millet breeding programs.

Materials and Methods

A complet set of 168 common millet accessions of the National Plant Gen Bank of
Iran were planted in a field experiment and irrigated with water with 8 ds m™ in
Agricutural and Natural Resources Research and Education Center of South Khorasan,
Birjand (E 58°59', N 32° 52, with elevation of 1381 m above sea levle) using augmented
design in 2021. Field soil texture was sandy-loam. Each accession was planted in two
rows with two meters length and 50 cm row spacing. Agronomic and phenological traits
were measured and recorded. Based on grain yield and some more traits (panicle length,
panicle shape and lodging), 30 accessions were selected for being grown in 2022.

In 2022 growing season, selected accessions were planted in two separate experiments
(None-stress irrigated with 3 ds m™ and salinity stress irrigated with 8 ds m irrigation
water) using randomized complete block design with three replications. Each accession
was planted in two rows with two meters length and 50 cm row spacing.

Days to flowering and maturity, plant height, width and length of flag leaf, plant
pubescence, panicle length, 100-grain weight, grain and forage yields were measured and
recorded. Leaf water status, relative water content (%RWC), water content saturation
(WCS), Water saturation deficiet (WSD%), Leaf tissue density (LTD) were estimated and
used in the analyses following Smart and Bingham (1974).

Stress tolerance and susceptible indices (STI, NP, TOL, HM, GMP, SSI, YI, YSD,
STS) were calculated based on grain yield and dry forage yield. Anaysis of variance,
correlation, regression, K-means cluster analysis, factor analysis, and biplot were used
for analysis of data. Excle and SPSS softwares were employed for statistiscal analyses.
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Results and Discussion

In 2021 experiment, grain yield varied from 170 kg ha™* to 3920 kg ha’. The results of
this experiment showed that there were high variation for tolerance to salinity among the
common millet accessions. Based on grain yield and other agronomic traits 30 accessions
were selected for second year experiment in 2022. In this experiment, grain yield varied
from 300 kg ha in accessions 15-288 to more than 4600 kg ha in accession 15-192.

Mean comparisons of leaf water status indices grouped the accessions alike grain yield.
Based on these traits, the accessions 15-49, Ukrainian, 15-223, Ferdous (91) and native
Birjand, which had high grain yield, and also high relative water content (RWC) were
identified as salinity tolerant. Correlation analysis showed significant correlation
coefficiens between grain yield and dry forage yield (r = 0.729, p<0.01). This finding is
in accordance with reported result by Yazdizadeh et al., (2020). There was significant
correlation cofficients between salinity tolerance score and days to maturity.

Biplot based on the two first factors of factor analysis identified the superior
accessions, which had salinity tolerance and high grain and dry forage yields. When grain
yield-RWC biplot or grain yield- salinity tolerance score biplot were drawn, the results
were alike. Cluster analysis also showed similar results.

In conclusion, accessions 15-49, 15-23, 15-223, Ferdous (91) and Birjand landrace
were identified as salinity tolerant. These accessions can be used for development of
salinity toerant germplasm in that national common millet breeding program.
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