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Table 1. Names and code of studied sugar beet genotypes
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Genotype i gl pb Genotype i g3 pU Genotype i g3y pb

code. Genotype Name code. Genotype Name code. Genotype Name
1 (7112*SB36)*S1-28 23 (7112*SB36)*S1-31 45 (7112*SB36)*S1-63
2 (7112*¥SB36)*S1-55 24 (7112*SB36)*S1-2 46 (7112*SB36)*S1-90
3 (7112*SB36)*S1-49 25 (7112*SB36)*S1-5 47 (7112*SB36)*S1-84
4 (7112*SB36)*S1-12 26 (7112*SB36)*S1-6 48 (7112*SB36)*S1-61
5 (7112*SB36)*S1-48 27 (7112*SB36)*S1-94 49 (7112*SB36)*S1-15
6 (7112*SB36)*S1-45 28 (7112*SB36)*S1-93 50 (7112*SB36)*S1-4
7 (7112*SB36)*S1-44 29 (7112*SB36)*S1-56 51 (7112*SB36)*S1-73
8 (7112*SB36)*S1-39 30 (7112*SB36)*S1-8 52 (7112*SB36)*S1-16
9 (7112*SB36)*S1-21 31 (7112*SB36)*S1-22 53 (7112*SB36)*S1-71
10 (7112*¥SB36)*S1-42 32 (7112*SB36)*S1-7 54 (7112*SB36)*S1-70
11 (7112*¥SB36)*S1-77 33 (7112*SB36)*S1-89 55 (7112*¥SB36)*S1-3
12 (7112*SB36)*S1-86 34 (7112*SB36)*S1-19 56 (7112*SB36)*S1-72
13 (7112*SB36)*S1-40 35 (7112*SB36)*S1-37 57 (7112*SB36)*S1-88
14 (7112*SB36)*S1-38 36 (7112*SB36)*S1-32 58 SC (7112*SB36)
15 (7112*SB36)*S1-18 37 (7112*SB36)*S1-54 59 Paya
16 (7112*SB36)*S1-20 38 (7112*SB36)*S1-53 60 IR7
17 (7112*SB36)*S1-26 39 (7112*SB36)*S1-92 61 Mandarin
18 (7112*SB36)*S1-36 40 (7112*SB36)*S1-66 adgl Mol Coraz
19 (71 12*8}336)*81-46 41 (71 IZ*SB?)G)*SI-IO 62 Parental popu]ation
20 (7112*SB36)*S1-69 42 (7112*SB36)*S1-76 63 Fotora
21 (7112*SB36)*S1-57 43 (7112*SB36)*S1-100 64 Jolgeh
22 (7112*SB36)*S1-17 44 (7112*SB36)*S1-13




WA 5l Y sl sl psle 4o e sla i

YA

A YA JLw J° (J"'“LSL.‘.'“ %"""’J‘?) u\.’\ﬁ)»\a’.&? A.w) 099 J’b J° abl ‘;s\))b. )‘u\.ﬁ.o Y J,u\?
Table 2. Rate of month rainfall in duration of sugar beet growth stage (mm) in 2016
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March April May June July August September  October
94.6 413 6.6 0 0 0 0 2
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Table 3. Physical and chemical properties of the experimental farm soil at the Agricultural and Natural Resources

Research Station of Toroq-Mashhad in 2016

ldlaoy S Gl dagl
S Gos Sl sl Saturation Sl Foiers K.ava P.ava S oS
Soil depth  Soil texture percentage EC (dS/m) pH N.tot (%) (mg/kg) (mg/kg) OC (%)
0-30 Silty Loam 32.8 1.7 7.9 0.05 210 11.6 0.4
30-60 Loam 33.6 2.1 8 0.06 195 8.3 0.3
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Table 4. Results of analysis of variance (mean squares) for yield and yield components of different sugar beet genotypes
under water deficit stress, normal and combined conditions

a0 S ySloc 0 oy
&9l Al Sugar JUSICR I PV o S P )
S.0.V. Slpdi @l gf Root yield content (%) Sugar yield Na K
?L”)ca“"“ Lo 1 45353.07 35356 11114  85.764™ 27.574*
(o) IS5 29495 15212 7.668 0385  1.089
Replication (Location)
S %e“"‘ype sy 63 209.634™ 40307 10694 0946 1.003"
Combined (&)
LxG Lo x w63 66.6717 131 2755 0510 0254
Error cabToladl 378 18411 0.424 0.785 0.119  0.159
CV (%) (L) &y g o 9.78 3.33 10.38 17.63 8.09
Replication IS5 3 15291ns  30.256ns  13.187*  0.692* 2.090 **
Genotype wi$; 63 154.920™  1.811* 6.631" 0271 0.518*
S5 e Error ibojloladl 189 21.688 0.580 0.861 0.175  0.239
Non-stress v (04) (/) &y g i 8.74 4.06 9.27 27.05  10.39
Sk oY Tk S 97.11 100.52 9555 10039  96.26
Efficiency
Replication IS5 3 43.099™  0.169 " 2,149  0.078™ 0.088™
U5 Genotype wi$; 63 121.385™  3351™ 6818  1.186™ 0.793*
seleS Error caboilebail 189 15.134 0.269 0.707 0.062  0.080
Water o N .
deficit. CV () (D) Ol cupo 11.29 2.54 11.91 10.60  5.46
stress Seha oY T @l 9695 96385 05.15 9442 10226

Efficiency
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Table 4. Continued wlol f Jgus
i o 58 oy JB S o Shae Jlasiwl cu po
9J - - 1 " . B .
42y . s o Juanial ke S8
s o pao S Molasses White White Extraction
. &3 N AlKkalinity sugar (%) sugar sugar  coefficient of
S.0.V. Ol gbe gf & * content yield sugar
&")“a“"“ buxo 1 37579 78759  30.850™ 421.13" 1898.5™  1734.605"
Bl 6 29495 0.060 0.194 0.473 6.661 3.932
Replication (Location)
«Sy  Genotype il 63 0356 3.640% 0413 6247 8.942" 22.634"
Combined (&)
LxG bimox cuig 63 0239 1178 0.149™  1.711™  2.087* 8.452™
Error o3l ol 378 0.020 0.318 0.104 0.291 0.565 0.560
CV (%) (1) O i sy 20.44 11.18 14.72 3.31 10.36 0.88
Replication S5 3 0.083™  0.148™ 0769 13.195"  0.069" 8.352"
Genotype gy 63 0.114% 24877 0.161" 26977  125.209* 7.453"
5 o9 Error b3l ol 189 0.097 0.541 0.095 0.503 0.923 0.946
Non-stress Cv (%) (/) @y’ s g 25.76 13.50 15.86 4.12 2.10 1.12
Ssb e oV b 2l 95.74 97.13 93.11 102.25 99.84 100.04
Efficiency
Replication S 3 0038 0239 0.176™  0.128™ 1357 0.413"
o= Genotype Gwigiy 63 04817 2332 04017 5262  4.853" 23.633*
&=1eS  Error o3l ol 189 0.086 0.097 0.113 0.080 0.382 0.175
Water . .
deficit  CV (%) (1) Ol o 56 16.75 6.69 13.78 1.83 11.59 0.50
¢ .
Sress Sska oV b 2l 10132 103.06 9838 10179  94.86 93.58
Efficiency

Qoys Sy g iy Jleiml mhaws (o Iy e g o pire pf TS 4 T

Kk 3k ns

ns, *and**: None significant and significant at 5 and 1%, Respectively.
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Table 5. Mean comparison of yield and yield components of different sugar beet genotypes under normal and water
deficit stress conditions

a5 0 ySdas S ey Ao o P
i 53 Root yield (t.ha) S“g“z,,/co")“te“t S“(gtf‘l:an)‘"d Na(Meq/100 §) K (Meq/100 g)

Genotype . . e . R e . e
P Jy o Jy G Jby o Jy s Jy s

Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress
(7112*SB36)*S1-28  64.51 35.07 18.80 21.30 12.15 7.47 1.53 1.60 4.15 4.46

(7112*¥SB36)*S1-55 51.87 28.08 18.99 2241 9.86 6.32 1.50 2.40 450 583
(7112*¥SB36)*S1-49  50.00 32.79 1850 1935 9.25 6.34 1.63 2.26 480 473
(7112*¥SB36)*S1-12  51.38 39.39 18.74 20.53  9.62 8.11 1.36 2.13 4.57  5.60
(7112*SB36)*S1-48 51.84 28.18 1828 1941 947 5.47 1.48 2.30 483 551
(7112*¥SB36)*S1-45 40.18 3520 17.80 2044 7.15 7.20 1.67 1.89 524  5.68
(7112*¥SB36)*S1-44 59.13 36.10 18.70 2145 11.07 7.75 1.63 1.93 472 476
(7112*¥SB36)*S1-39  50.53 30.16 18.61 21.14 9.35 6.38 1.51 1.77 4.66  4.50
(7112*SB36)*S1-21 47.19 32.07 19.44 21.04 9.19 6.77 1.38 1.99 4.66  4.94
(7112*SB36)*S1-42  56.74 36.48 1888 20.71 10.68  7.55 1.70 2.12 455 521
(7112*¥SB36)*S1-77 50.86 29.54 1895 19.21  9.65 5.67 1.36 2.72 4.87 5.50
(7112*¥SB36)*S1-86  53.39 3427 19.00 19.51 10.15 6.68 1.70 2.80 475  5.10
(7112*SB36)*S1-40  50.52 31.71 1825 2028 9.22 6.44 1.56 2.50 4.64  5.08
(7112*SB36)*S1-38 47.34 31.28 17.78 20.04 842 6.26 1.55 2.62 482  5.02
(7112*¥SB36)*S1-18 56.74 43.12 1833 21.53 1041 9.31 1.47 1.97 476  4.83
(7112*¥SB36)*S1-20  51.32 38.18 18.88 2038  9.66 7.77 1.42 2.41 4.65 5.19
(7112*SB36)*S1-26  46.16 33.71 18.09 19.74 8.35 6.67 1.84 3.10 516  5.15
(7112*SB36)*S1-36  67.41 3243 1895 2123 1281 6.88 1.45 1.72 4.65 4.82
(7112*SB36)*S1-46  47.96 2736 1841 19.78  8.83 5.41 1.56 2.38 4.64 544
(7112*¥SB36)*S1-69 4793 30.62 18.13 19.00 8.68 5.82 1.78 3.26 580 6.22
(7112*SB36)*S1-57 44.50 30.53 1898 2138 8.49 6.53 1.62 3.19 476 577
(7112*SB36)*S1-17 49.69 33.52 1930 19.74  9.64 6.62 1.23 2.85 4.65 542
(7112*¥SB36)*S1-31 51.50 33.54 1895 20.73  9.78 6.95 1.42 2.11 4.67 4.83
(7112*SB36)*S1-2  49.09 28.68 19.10 19.70 9.33 5.65 1.44 2.52 448 514
(7112*SB36)*S1-5 49.93 3534 1840 2043 9.17 7.24 2.10 2.37 448 5.16
(7112*SB36)*S1-6  46.64 3226 18.89 20.51  8.80 6.62 1.40 2.25 4.59  5.06
(7112*¥SB36)*S1-94 50.26 31.62 1855 19.53  9.36 6.17 1.54 2.61 4.79 557
(7112*¥SB36)*S1-93  51.71 32.56 1845 20.88  9.53 6.80 1.63 1.94 490 5.56
(7112*¥SB36)*S1-56  57.00 26.22 17.45 20.13 9.94 5.27 245 2.41 562 558
(7112*SB36)*S1-8  63.30 41.07 18.88 1995 1192  8.19 1.47 2.61 4.54  5.09
(7112*SB36)*S1-22 5298 33.21 19.04 2030 10.06 6.74 1.55 2.66 504 548
(7112*SB36)*S1-7  47.00 36.55 1859 22.03 8.73 8.04 1.54 1.23 439 435
(7112*¥SB36)*S1-89 51.93 27.35 1889 20.80 9.82 5.72 1.50 2.28 512 482
(7112*SB36)*S1-19 58.50 29.72 1855 2049 10.80 6.09 1.75 1.75 471 494
(7112*SB36)*S1-37 51.10 31.30 18.46 20.04 9.44 6.29 1.68 2.46 502 541
(7112*¥SB36)*S1-32  51.46 32.02 17.76 18.84 9.15 6.04 1.89 3.52 519  5.66
(7112*¥SB36)*S1-54 51.46 31.67 1894 1998 9.77 6.33 1.55 2.63 442 537
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Table S. Continued aolol.b Jgus
Al y & Sloc KV IRV Pl 0 Slos 1k sy
. Root yield Sugar content Sugar yield )
) (t.ha) (%) (tha') Na(Meq/100 g) K (Meq/100 g)
Genotype

Juy G Jes G Jly g by g Jls G
Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress

(7112*SB36)*S1-53  48.24 34.07 1940 20.61 933 7.03 1.19 2.17 445 511
(7112*SB36)*S1-92  55.37 3217 1851 1944 1027 6.24 1.60 2.80 495 5.07
(7112*SB36)*S1-66  63.95 45.75 17.84 2053 1139  9.38 1.41 2.36 428 480
(7112*SB36)*S1-10  58.23 30.06 19.09 19.85 11.12 5098 1.25 2.53 456 5.17
(7112*SB36)*S1-76  46.94 35.19 19.55 2035 9.21 7.17 1.22 1.65 4.15 5.08
(7112*SB36)*S1-100  54.80 38.12 18.15 19.98 991 7.62 1.75 2.74 496 5.09
(7112*SB36)*S1-13  60.96 36.78 18.71 20.71 1139  7.63 1.65 1.70 4.68 5.18
(7112*SB36)*S1-63  46.07 30.12 18.86 20.75 8.69 6.25 1.75 2.64 4.66 432
(7112*SB36)*S1-90  43.82 27.50 1940 2048 8.52 5.63 1.36 2.64 484 510
(7112*SB36)*S1-84  54.62 3096 18.04 19.81 9.86 6.14 1.73 2.77 517  5.55
(7112*SB36)*S1-61  52.42 2993 1855 2141 9.70 6.41 1.65 1.43 449 499
(7112*SB36)*S1-15  53.85 4044 18.76 20.74 10.12  8.38 1.47 2.97 453 549
(7112*SB36)*S1-4 ~ 57.32 2896 1921 2045 11.02 592 221 291 512 570
(7112*SB36)*S1-73  72.07 39.80 19.74 20.10 1420  8.00 1.14 2.21 413 513
(7112*SB36)*S1-16  56.35 4427 18.70 19.55 10.53  8.66 1.78 3.54 495 553
(7112*SB36)*S1-71 ~ 57.55 39.60 18.79 2094 1082 8.29 1.34 1.73 455 5.04
(7112*SB36)*S1-70  56.35 39.60 18.06 1991 10.21 7.88 1.43 2.57 505 579
(7112*SB36)*S1-3 56.29 41.07 19.13 20.18 10.77  8.28 1.22 1.67 448 519
(7112*SB36)*S1-72  64.93 4538 1853 1990 12.03  9.04 1.91 2.10 506 5.15
(7112*SB36)*S1-88  53.13 30.80 18.65 20.20 9.86 6.22 1.46 2.64 492 584
SC(7112*SB36) 5038 37.79 19.48 20.74 9.83 7.83 1.23 247 3.86 4.53

Paya 59.93 4138 17.68 19.70 1057 815 1.83 199 501 535
IR7 56.92 46.86 20.85 22.89 1186 1072 121 157 457 487
Mandarin 6128 5033 2098 2298 1285 1155 1.10 1.62  3.82 3.96
Parental population 4622 30.56 18.70 20.35 8.65 6.22 1.18 2.78 420 537
Fotora 58.67 4236 2075 2294 1215 971  1.08 145 419 431
Jolgeh 42,55 29.14 1828 19.04 778 555 190 3.69 500 5.7
il Mean 5329 3456 18.77 2044 1001 7.08 154 235 471 5.17

LSD 0.05 6.496 5426 1.063 0.724 1295 1.173 0.583 0349 0.683 0.394

LSD 0.01 8569 7.158 1.402 0955 1.708 1.547 0.769 0461 0.900 0.520
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Table S. Continued alsl.b Jous

SO s it o s
o i Jlazil

o L. R . Extraction
) Oy 097 bl <o Molasses sugar White sugar coefficient of
Genotype N(Meq/100 g) Alkalinity (%) content (%) sugar (%)
Jup G ey g Jly 9 Jls g Jly g

Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress
(7112*SB36)*S1-28 1.23 1.38 469 440 1.75 190 1745 16.81 88.04 87.04

(7112*SB36)*S1-55  1.28 1.84 476 492 187 269 1752 17.13 87.61 83.09
(7112*SB36)*S1-49  1.11 128 626 578 200 221 1690 14.55 86.64 84.09
(7112*SB36)*S1-12  1.20 165 516 482 1.8 250 1731 1543 87.63 83.29
(7112*SB36)*S1-48  0.95 125 683 628 195 249 1673 1433 86.76 82.23
(7112*SB36)*S1-45  1.12 1.63 619 4.67 217 244 16.03 1540 84.99 83.49
(7112*SB36)*S1-44  1.38 1.50 466 4.60 200 212 17.10 16.68 86.65 85.94
(7112*SB36)*S1-39  1.26 124 517 528 193 1.96 17.09 16.58 86.96 86.64
(7112*SB36)*S1-21  1.16 1.55 546 466 187 221 1797 1623 87.78 84.96
(7112*SB36)*S1-42  1.57 1.79 438 430 198 237 1730 15.72 86.67 84.01
(7112*SB36)*S1-77  1.03 1.59 620 557 192 266 1743 1446 87.26 80.75
(7112*SB36)*S1-86  1.29  2.70 510 3.16 2.02 265 1738 14.26 86.89 81.26
(7112*SB36)*S1-40  1.03 1.81 625 455 191 246 1674 15.21 86.81 83.04
(7112*SB36)*S1-38  0.98 1.52 657 5.1 1.97 245 1621 1499 86.23 82.53
(7112*SB36)*S1-18  1.29 1.36 543 507 195 215 16.78 16.78 86.66 85.85
(7112*SB36)*S1-20 147 236 419 358 191 252 1737 15.26 87.36 82.79
(7112*SB36)*S1-26  1.19  2.06 6.61 422 220 272 1629 1442 85.31 81.03
(7112*SB36)*S1-36  1.23 143 511 467 190 207 1746 16.56 87.46 86.09
(7112*SB36)*S1-46  1.16 1.59 577 518 193 252 16.89 14.65 86.95 82.23
(7112*SB36)*S1-69  1.09 234 696 4.15 239 316 16.14 13.24 84.25 77.67
(7112*SB36)*S1-57  1.54 1.86 431 517 202 294 1735 1584 86.87 81.57
(7112*SB36)*S1-17  1.01 1.85 583 4.64 1.80 270 1790 1444 88.10 81.19
(7112*SB36)*S1-31  1.23 137 544 526 189 220 1746 1593 87.44 84.88
(7112*SB36)*S1-2 1.03 1.74 575 515 181 248 17.69 14.62 87.94 82.09
(7112*SB36)*S1-5 1.37 1.79 483 458 207 244 1673 1541 86.18 83.33
(7112*SB36)*S1-6 1.13 1.51 584 492 185 234 1744 1557 87.66 84.03
(7112*SB36)*S1-94  1.33 266 533 331 1.99 274 1697 14.18 86.64 80.95
(7112*SB36)*S1-93  1.38 1.64 500 465 206 242 1679 1586 86.16 83.98
(7112*SB36)*S1-56  1.60 1.87 515 453 261 2.60 1524 1492 82.49 82.05
(7112*SB36)*S1-8 1.28 1.86 4.68 455 1.87 250 1741 14.85 87.50 82.42
(7112*SB36)*S1-22  1.17 224 572 3.63 206 269 1738 15.01 86.61 81.86
(7112*SB36)*S1-7 1.27 123 539 459 1.83 .72 17.16 17.71 87.32 88.37
(7112*SB36)*S1-89  1.12 1.71 629 434 207 229 1722 16.00 86.42 84.67
(7112*SB36)*S1-19  1.52 1.54 446 489 205 213 1691 15.76 86.31 84.97
(7112*SB36)*S1-37  1.07 1.73 678 492 209 255 1678 14.89 86.07 82.32
(7112*SB36)*S1-32  1.45 1.75 494 539 225 3.00 1591 1324 84.50 78.56
(7112*SB36)*S1-54 130  2.10 4.62 4.08 1.86 266 1748 14.72 87.65 81.85
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Table S. Continued aolol.b Jgus
Jlazew! oo o
G - .
) JB S S
5 995 . R . oo a5 Jlazinl Extraction
i 0y (1339 yiu Cileds o o Molasses sugar White sugar coefficient of
Genotype

N(Meq/100 g) Alkalinity (%) content (%) sugar (%)
Jy G Jls G Jly G by oW Jly o
Normal Stress Normal Stress Normal Stress Normal Stress Normal Stress

(7112*SB36)*S1-53 094 204 603 374 1.71 238 18.09 1564 88.59 83.75
(7112*SB36)*S1-92 1.15 1.73 599 534 2.04 2.55 1687 1429 8639 81.72
(7112*SB36)*S1-66 1.09 1.79 553 432 1.75 231 1649 15.61 87.59 84.27
(7112*SB36)*S1-10 1.11 200 553 4.08 1.79 2.54 1770 1470 88.12 82.12
(7112*SB36)*S1-76 1.01 1.57 542 4.64 1.63 2.15 1833 1561 89.14 85.39
(7112*SB36)*S1-100 140 225 523 3.5 2.12 2.58 1643 14.80 85.67 82.08
(7112*SB36)*S1-13 1.32 139 523 5.03 1.98 2.18 17.13 1594 86.77 85.13
(7112*SB36)*S1-63 1.44 1.63 484 442 2.03 2.15 1724 16.01 86.76 85.11
(7112*SB36)*S1-90 0.94 1.68 6.67 498 1.90 251 1790 1538 87.66 82.50
(7112*SB36)*S1-84 1.12 1.58 637 5.53 2.16 269 1628 1452 8540 81.29
(7112*SB36)*S1-61 1.16 132 552  5.07 1.91 2.01 17.05 17.02 87.18 88.15
(7112*SB36)*S1-15 1.21 208 508 425 1.86 279 1730 1535 8736 8193
(7112*SB36)*S1-4 1.26 1.80 581 5.15 232 2.82 1729 15.04 8540 81.34
(7112*SB36)*S1-73 1.02 191 532 394 1.59 239 1855 15.12 8943 83.37
(7112*SB36)*S1-16 1.60 245 449 397 2.15 3.03 1695 1392 86.01 78.5l1
(7112*SB36)*S1-71 1.06 139 562 517 1.81 2.14 1738 1620 87.78 85.46
(7112*SB36)*S1-70 1.20 226 572 418 2.02 277 1644 1455 86.02 81.06
(7112*SB36)*S1-3 1.24 146 485 492 1.76 2.18 17.76 1540 88.24 84.57
(7112*SB36)*S1-72 1.22 1.36 585 529 2.19 231 16773 15.00 85.61 83.06
(7112*SB36)*S1-88 1.10 201 596 5.00 1.98 2.79 17.07 15.14 86.76 83.60

SC (7112*SB36) 1.18 223 439 342 1.55 230 1833 15.84 89.46 84.18
Paya 1.42 1.74 493 4.26 2.17 237 1591 14.73 85.12  83.38

IR7 1.23 1.79 492  4.05 1.79 2.07 1946 18.22 88.94 87.17
Mandarin 1.22 1.60 4.04 354 1.49 .75 19.89 18.63 9042 88.76
Parental population 1.18 1.58 4.60 5.33 1.65 2.63 1746 15.12 88.56 82.36
Fotora 1.20 1.86 449 3.15 1.61 1.83  19.54 1851 89.74 88.37
Jolgeh 0.86 1.27  8.05 7.71 2.14 299 16.54 1345 85.63 78.22
oSl Mean 1.21 1.75 544  4.65 1.95 243 1722 1543 8698 83.34
LSD 0.05 0.436 0410 1.206 0.435 0431 0469 0989 0.394 1.356 0.583

LSD 0.01 0.575 0.541 1.353 0.574 0568 0.618 1.305 0.520 1.789 0.769




Yyv (_g)L:.ngSQL.;JJa,[ll,.‘f;g”.‘:d_x:é)a.zi_?uu\;c;\.mjsbAiM)aéjbégM@liblzd)&&bjéw

ol oS G 9 AT o9 bl o W puiier Sl 935 (LS 50 () il S 0 ot (52 Silao 5 Jguir
Table 6. Mean white sugar yield (t.ha!) of sugar beet genotypes under normal and water deficit stress conditions

e SED) o S O haD) -

i} b O 9w o ]
v Genotype Genotype

Genotype name (Normal) rank (Stress) rank (STD
Mandarin 12.19 2 9.37 1 1.36
IR7 11.08 6 8.53 2 1.12
Fotora 11.46 4 7.84 3 1.07
(7112 * SB36) * S1-73 13.34 1 6.01 16 0.95
(7112 * SB36) * S1-66 10.53 9 7.14 5 0.89
(7112 * SB36) * S1-72 10.87 8 6.80 6 0.88
(7112 * SB36) * S1-18 9.53 19 7.25 4 0.82
(7112 * SB36) * S1-8 10.97 7 6.10 12 0.79
(7112 * SB36) * S1-28 11.28 5 5.89 18 0.79
(7112 * SB36) * S1-71 10.01 14 6.41 8 0.76
(7112 * SB36) * S1-36 11.81 3 5.37 27 0.75
(7112 * SB36) * S1-3 10.01 13 6.33 9 0.75
(7112 * SB36) * S1-13 10.45 10 5.87 19 0.73
(7112 * SB36) * S1-44 10.10 12 6.01 15 0.72
(7112 * SB36) * S1-16 9.55 18 6.16 11 0.70
Paya 9.52 20 6.08 13 0.69
(7112 * SB36) * S1-15 9.31 22 6.21 10 0.69
(7112 * SB36) * S1-42 9.77 17 5.73 22 0.67
SC (7112*SB36) 9.24 25 5.99 17 0.66
(7112 * SB36) * S1-12 8.88 37 6.08 14 0.64
(7112 * SB36) * S1-70 9.29 23 5.75 21 0.63
(7112 * SB36) * S1-7 8.07 56 6.47 7 0.62
(7112 * SB36) * S1-20 8.88 38 5.82 20 0.61
(7112 * SB36) * S1-100 9.00 30 5.64 23 0.60
(7112 * SB36) * S1-31 8.99 31 5.34 28 0.57
(7112 * SB36) * S1-76 8.64 43 5.49 24 0.56
(7112 * SB36) * S1-53 8.70 39 5.32 29 0.55
(7112 * SB36) * S1-19 9.89 16 4.68 45 0.55
(7112 * SB36) * S1-22 9.19 26 4.99 35 0.54
(7112 * SB36) * S1-10 10.32 11 4.41 53 0.54
(7112 * SB36) * S1-61 8.91 34 5.10 32 0.54
(7112 * SB36) * S1-86 9.28 24 4.89 36 0.54
(7112 * SB36) * S1-93 8.67 42 5.17 31 0.53
(7112 * SB36) * S1-21 8.49 48 5.21 30 0.52
(7112 * SB36) * S1-55 9.11 27 4.81 42 0.52
(7112 * SB36) * S1-17 8.92 33 4.85 38 0.51
(7112 * SB36) * S1-4 9.92 15 4.35 55 0.51
(7112 * SB36) * S1-92 9.37 21 4.60 50 0.51
(7112 * SB36) * S1-39 8.60 45 5.01 34 0.51
(7112 * SB36) * S1-88 9.06 28 4.66 48 0.50
(7112 * SB36) * S1-54 9.02 29 4.67 46 0.50
(7112 * SB36) * S1-6 8.11 53 5.02 33 0.48
(7112 * SB36) * S1-40 8.45 49 4.82 40 0.48
(7112 * SB36) * S1-49 8.45 50 4.77 43 0.48
(7112 * SB36) * S1-84 8.90 35 4.51 51 0.48
(7112 * SB36) * S1-37 8.57 46 4.66 47 0.47
(7112 * SB36) * S1-89 8.93 32 4.38 54 0.46
(7112 * SB36) * S1-94 8.56 47 4.49 52 0.46
(7112 * SB36) * S1-63 7.95 57 4.82 41 0.45
(7112 * SB36) * S1-77 8.89 36 4.27 56 0.45
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Table 6. Continued aolol.f Jgus
s "o Cadgiy A . e
e o RO s, O e ol
Genotype name (Non-Stress) Genotype rank (Stress) rank (STI)

(7112 * SB36) * S1-57 7.76 59 4.84 39 0.45
Parental population 8.07 55 4.62 49 0.44
(7112 * SB36) * S1-26 7.52 62 4.87 37 0.43
(7112 * SB36) * S1-2 8.63 44 4.19 59 0.43
(7112 * SB36) * S1-38 7.66 61 4.69 44 0.43
(7112 * SB36) * S1-45 6.46 64 542 26 0.42
(7112 * SB36) * S1-48 8.67 41 4.04 61 0.42
(7112 * SB36) * S1-32 8.20 52 4.25 57 0.41
(7112 * SB36) * S1-56 8.68 40 391 64 0.40
(7112 * SB36) * S1-5 8.33 51 5.48 25 0.40
(7112 * SB36) * S1-90 7.86 58 4.23 58 0.39
(7112 * SB36) * S1-46 8.09 54 4.01 62 0.38
(7112 * SB36) * S1-69 7.73 60 4.06 60 0.37
Jolgeh 7.01 63 3.93 63 0.33

9 (sl (ol jlad YL) i gy bl ol cond Wi julie alisko e 5o axdlled jge Wlho (Swrod il ps .V Jou=

(el kol 8 o) s sluTS i3

Table 7. Correlation coefficients of studied traits in different sugar beet genotypes under normal (top of the
main diagonal of the matrix ) and water deficit stress (bottom of the main diagonal of the matrix)

1 2 3 4 5 6 7 8 9 10 11

1 w299 - 0.17% 0.95™ -0.06" -0.21" 022" -0.37" -0.14™ 0.17" 093" 0.16™
Root yield

S ey 0.35" - 045 -0.64™ -0.61"" -0.14™ -0.35" -0.67"" 0.98"™ 0.51™ 081"
Sugar content

3 AboSles g 056 - 0247 0377 015 0447 0327 0457 0957 038"
Sugar yield

4 P 0307 066" <0437 - 068 0457 0.16™ 090 -0.74" -0.32" -0.88"
a

5 rel 0347 L0557 L0447 0587 - 002 0517 0937 0737 -044 -0.907

6\ orae 039 g ggns 025" 001 0497 0357 - 073" 0357 020 0.11% -032"

7 el oerd o417 L0200 0437 006" 023" 071" - 033 -037" -0457 -035"
AlKkalinity

8 oS aeyd 33 067" 046" 0917 086" 056" 0.14% - -0.80" -041" -0.97"
Molasses sugar

g JLemmlB LSS sen o8 0577 L0777 2066 -036™ -025° 081" - 052 090"
‘White sugar content

10 Resesbes g3 (65 099 L0537 053" -0.06™ -041" -0.57" 067" - 047"
‘White sugar yield
S Jlamiasl gy

11 Btraction 032" 081" 049" -091" -0.77" -0.50 -0.19% -095" 091" 060" -

coefficient of sugar

oy S5 g i Jleiz mhaw (o jlo sme g 0 pixe 8 S 5 4 FE 5 * ons
ns, *and**: None significant and significant at 5 and 1%, Respectively.
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Table 8. Regression coefficients of traits affecting white sugar yield under normal conditions based on stepwise
regression model

Og Sy o pd oo omd e pd 23 e oy

Traits ol Regression coefficient Model R-Square Partial R-Square
Sugar yield BUSWIIN VS 1.130™ 0.9903 0.9903
Extraction coefficient of sugar ;<% Jlasiuw! o o -0.013ms 0.9996 0.0093
Molasses sugar ok Wi wuoyo -0.606™ 0.9996 0.0001
Root yield Ay y o Slos -0.039* 0.9998 0.0001
Sugar content VIRV -0.063" 0.9998 0.0000
Intercept i.x.,.o e 3.449m

oy S g gy Jloil s 5o o s g o Sme uf s 5 4 FF o S
ns, *and**: None significant and significant at 5 and 1%, Respectively.

PEAL (Ggm 5 ) Joo (plusl 2 (6 )laTeS i byl 50 i S0 0 S 3y e Slho (ygmms Sy b A Jgor
Table 9. Regression coefficients of traits affecting white sugar yield under water deficit stress conditions based on
stepwise regression model

Olho e yS) G oo e i pd 3 ey

Traits Regression coefficient Model R-Square Partial R-Square
Sugar yield 20 ySos 1.252™ 0.9804 0.9804
Extraction coefficient of sugar  ,5& Jlaxiw! oo o 0.003" 0.9974 0.0170
Root yield g y 0 Slos -0.102" 0.9986 0.0012
Sugar content VT IWKS -0.407" 0.9992 0.0007
Sugar content White Jlaziwl JB o 0.320™ 0.9998 0.0005
Intercept fowe 51 o ye 3.165™

Aoy Sy g g Jleiol mhaw jo jlo g 5 s gire g oS5 4 FE 5 * S
ns, ¥*and**: None significant and significant at 5 and 1%, Respectively.

Pl (ygm 55 Joo 5 0uilo Sl wlao b (465 (ygay dal o 5 dondw )00 0 ySos (Swood ke &y i Ve Jgu
Table 10. Path coefficient analysis of white sugar yield with the remaining characters in the stepwise reression model
under normal conditions

by Indirect effect &3 )b 31 puiiawno g 51 b T o b
o e S S PS5l O ;5o
—2  Direct Correlation
Trait effect 1 2 3 4 5 coefficient with yield
1
Abosles 305 - 0176 0027 1112 0012 0.95%*
Sugar yield
2 P Jlasi! <y o
Extraction coefficient of 0463  -0.124 - -0.080 0.187 0.021 0.47+*
sugar
oModB e 0081 0103 -0450 - -0.164 0.017 0.41%*
Molasses sugar
4 . <
yd 1.170 -0.309 0.074 -0.012 - 0.004 0.93%*
Root yield
MR 0026 -0.146 0375 0.054 0199 - 0.51%*
Sugar content
Residual effect=0.145 <IVEO =oaile 8l I

**: Significant at 1%. o3 S5 Jloil mhaw jo o gime FF
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Table 11. Path coefficient analysis of white sugar yield with the remaining characters in the stepwise reression model

under water deficit stress conditions

by Indirect effect s yb 31 puiimmo pud 51 b (Snsed 55
e 1 s 5 3 Ko
<2 Direct Correlation
Trait effect 1 2 3 4 5 coefficient with yield
1 e 0.895 - -0.310 0.002 -0.183 0.304 0.99**
Sugar yield
5 Jlazian! o p
2 Extraction coefficient of -0.062 0.438 - 0.000 -0.264 0.485 0.60**
sugar
3 R R 0.002 0.868 -0.020 - -0.114  0.192 0.93%%*
Root yield
4 WS 0326 0501 -0.050 0000 - 0.522 0.65%*
Sugar content
Jlaxiul BB S5 0533 0510 -0.057 0000 0320 - 0.67%*
White Sugar content
Residual effect=0.042 <[+ FY =oniledl

**: Significant at 1%.
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Abstract

This experiment was conducted to evaluate the drought tolerance of sugar beet test cross hybrids (57
hybrids) with seven controls including IR7, Mandarin, Jolgeh, Paya, Fotora, SC (7112*SB36) and origin
population) in Khorasan Razavi Agricultural and Natural Resources Research and Education Center in
two separate experiments under field conditions with unbalanced lattice design (8x8) with four
replications in 2016. Irrigation was done routinely up to the thinning. Subsequent irrigations were done
after 90 mm and 200 mm evaporation from the class A evaporation pan in non-stress and water deficit
stress conditions, respectively. In this research, traits such as root yield, sugar content, sugar yield, Na,
K, N, alkalinity, molasses sugar, white sugar content, white sugar yield and extraction coefficient of
sugar were measured. Combined analysis of variance showed that there was a significant difference
(p<0.01) among studied genotypes and different irrigation regimes for all traits. The highest white sugar
yield in non-stress and water deficit stress conditions were observed in (7112*SB36)*S1-73 (13.34
ton.ha™") and Mandarin (9.37 ton.ha™"), respectively. Correlation analysis revealed that the relationship
between white sugar yield with root yield, sugar content, sugar yield, white sugar content and extraction
coefficient of sugar was significantly positive in two conditions, while its correlation with Na, K,
alkalinity and molasses sugar was significantly negative. According to the results of the stepwise
regression analysis, more than 99 percent of white sugar yield variation was explained by sugar yield,
extraction coefficient of sugar, root yield and sugar content in non-stress and drought stress conditions.
Also the results showed that in non-stress, root yield (1.17) and in stress conditions, sugar yield (0.89)
had the most direct effect on white sugar yield. Finally, (7112*SB36)*S1- 73, (7112*SB36)*S1-66 and
(7112*SB36)*S1-72, which were superior in terms of stress tolerance index (STI) and also in terms of
yield traits in stress condition, were introduced as the most drought tolerant hybrids.
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