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Table 1. Physiochemical properties of the soil in the experimental site
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Table 2. Results of analysis of variance (mean squares) of yield and physiological traits of different sugar beet genotypes

under normal irrigation in field condition

a0 i sy a8 8 pSlos gy s
@bl a0 Sdos Sugar Akt Jg 5 P
S.0.V. Olpdi @le gy Root yield content Sugar yield  Chlorophyll NDVI
Replication A 2 3.622 0.654 ™ 0.443 ™ 0.247 " 0.0008 "
Genotype ey 33 122.887" 5.066 ™ 4,967 ™ 117.115™ 0.008 ™
Error oulojl s 66 2.958 0.207 0.159 0.289 0.0009
CV (%) (M0 33) Ol yuudi' g i 5.07 2.39 6.18 1.94 4.56
Table 2. Continued aolol .Y Jgos
slos LM
iﬁﬂ& o g Sy - Sy °3».’.5’¢>55 ‘_,»Lw e
S g Leaf-air Spol Sy EL el g I
.., LeafArea temperature Leafrelative  Specific =~ Succulence Electrolyte
S.0.V. Ot gl Index difference water content leaf weight index leakage
Replication JS 0128 0.790 ™ 0.149™ 0.020 ™ 0.069 ™ 0.427 ™
Genotype ewigis  1.066 ™ 1.453 ™ 34.184 ™ 1.820™ 125.209 " 41.820 ™
Error owmlesl ks 0.0166 0.1218 0.455 0.057 0.923 0.317
CV (%) (900 )0) Wl yurdi g yud 4.39 5.09 4.39 3.81 2.10 1.47

ns and**: No significant and significant at 1%, Respectively

o, S Jleizl a0l gire gl ixe pf i 5 4 *F g NS

G bl o B iy ilike sl oSeidln s Slho 5 0 Sles (Slarye Sile) (uilsly 43 S ¥ Jsex
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Table 3. Results of analysis of variance (mean squares) of yield and physiological traits of different sugar beet genotypes

under water deficit stress in field condition

a0 RV PV ™

@3l adyy o Sles wuw,e AL Judg s PS5 gy
S.0.V. Oldi gbe gy Root yield  Sugar content  Sugar yield Chlorophyll NDVI
Replication SIS 2 0.432 " 0.039 ™ 0.017 0.265 ™ 0.0001 ™
Genotype cig) 33 53.628"™ 7.819™ 2.450 ™ 114.482 " 0.009 ™
Error owlbeyl sl 66 1.283 0.202 0.072 0.194 0.0008
CV (%) (dw0yd) Ol pdd i 7.36 2.15 8.34 151 5.04
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Table 3. Continued

aolol .Y Jgus

L oo dmf' i GERe 0319 ()9 Lo Celd
Spghw SISE 5,0 Sy ol Sl sl
Leaf Area teﬁgg;{ﬂ Leaf relative Spech_‘ic Sugculence Electrolyte
SOV, Ol yds oo Index e difference water content leaf weight index leakage
Replication HIS 0.003m 0.735m™ 0.022 ™ 0.0009™  2.788 " 0.886 "
Genotype s 0378 2.264 ™ 33.307 " 3.489™ 233984 ™ 31.807 "
Error owlyl ss  0.002 0.187 0.384 0.068 2.612 1.544
CV (%) (W0 y0) Wl yurdi' g o 2.99 17.91 0.87 4.17 3.90 3.05

Ao, S Jleiol s 10l ire g Mo e S5 4 FF g NS

ns and**: No significant and significant at 1%, Respectively
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Table 4. Results of combined analysis (mean squares) for yield and physiological traits of different sugar beet genotypes

under water deficit stress

a ,.>_ i3 sy a8 0 ySlos gy sl
@bl a0 o Sugar Akl g ks P
S.0.V. Olpdd @b gf Root yield content Sugar yield Chlorophyll NDVI
Location Lo 17467.7™ 187.33™ 531.30™ 120.137™ 0.968 ™
Replication (Location) (o) HI,55 4 2.027 0.346 0.229 0.256 0.0005
Genotype w5 33  116.358™  7.586 " 4521™  179.768 ™ 0.009 ™
Location x Genotype ~ tuxo X caigij 33 60.157" 5.299 ™ 2.896 ™ 51.827 0.008 ™
Error i lo3l ol 132 2.120 0.204 0.115 0.241 0.0009
CV (%) (00 )0) Ol ydi' g i 5.91 2.26 7.03 1.73 4.78
Table 4. Continued wolol .f Jgus
sl BB o ggie 0319 039 . 3
slyi SHT  Leafair Leafrelative Specific MW g sl
L Leaf Area temperature water leaf  Succulence Electrolyte
S.O.V. Sl gl dfg Index difference content weight index leakage
Location o 1 102992 1007.57 ™  1402.906 ™  0.015" 995738  324.828 ™"
(ma) )15 4 0.0659 0.763 0.085 0.010 1.428 0.657
Replication (Location)
Genotype i) 33 0576 2070™ 39.680 ™ 2.218™ 215888 30.357 ™
iads 33 0868 1.647 ™ 27.810 ™ 3.091™  143.305* 43271
Location x Genotype
Error s Lo3T oluiisl 132 0.009 0.154 0.419 0.062 1.768 0.931
CV (%) (o) &l pudi oy 434 8.48 0.87 3.99 3.05 244

**: Significant at 1%.
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Table 5. Mean comparison of yield and physiological traits of different sugar beet genotypes under normal and water

deficit stress conditions

. s b ls el ) ‘
4.&4“) é)ﬂo& A8 dwoy0 QA‘L"’L? KoL) .))S.Lo& Chlorophyll ‘;DLS LS).’ @.m Qakw
Root yield (t.ha?)  Sugar content Sugar yield (t.ha?) (SPAD) NDVI Leaf Area Index

95 Jby g Jb o Jby
Genotype Normal Stress Normal  Stress Normal

G Jly G by G s g
Stress  Normal Stress Normal Stress Normal  Stress

S1-21 29.42 1372 1850 22.00 544
S1-7 3200 1117 2138 2075 6.84
S1-64 30.71 1543 1600 2125 491
S1-32 36.29 1257 2125 2125 771
S1-10 37.86 1043 19.75 2375 748
$1-80 3471 2071 2075 1863 7.20
S1-57 3143 17.00 2000 2325 6.29
S1-44 37.76 1886 1692 1850  6.39
$1-95 30.71 18.00 21.00 2200 6.45
S1-96 36.29 1157 1888 2325 6.85
S1-94 2329 943 19.75  20.75 459
$1-89 3386 1271 19.13 2213 648
S1-6 37.71 1500 19.75 1950 745
S1-45 4729 1857 19.00 21.75 8.98
S1-15 2952 2404 19.00 2125 560
S1-26 31.71 1329 1850 19.75 5.87
S1-81 36.00 1143 20.63 20.00 7.43
S1-86 2529 21.00 1838 20.88 4.65
S1-82 4219 1000 1850 18.13 7.80
§1-37 2557 1057 18.00 2125 4.60
S1-70 4214 16.86 16,50 17.08 6.96
S1-39 31.14 1400 19.75 1988 6.15
S1-3 3995 2562 1783 2008 7.12
S1-13 3776 18.76  18.08 2033  6.83
S1-8 37.38 18.10 1817 19.75 6.80
S1-55 1986 10.71 1825 2117 3.62
S1-31 2514 1129 1913 1925 481
S1-20 2771 1143 1850 20.63 5.13
S1-63 2786 14.14 1850 23.75 5.15
S1-71 3538 1295 20.08 2158 7.12
Motahar ~ 46.86 19.21 19.38 2225  9.09
Shokoufa 33,57 17.57 17.63 2225 592
Paya 39.43 21.00 1875 2325 740

Original
Population 3871 1614 2075 2025  8.04

3.02 1755 2230 0.66 0.45 1.95 1.40
2.32 16.70 2055 0.73 0.46 2.67 1.23
3.28 28.65 3350 0.69 0.53 3.20 1.92
2.67 30.10 3580 0.74 0.44 3.65 1.37
2.48 2090 2200 0.69 0.58 4.26 0.88
3.86 3825 4645 0.76 0.60 3.03 2.05
3.95 3510 3120 0.74 0.55 2.81 1.16
3.49 3415 2810 0.69 0.53 211 1.40
3.96 2295 2295 0.73 0.56 2.85 1.65
2.69 1890 2540 0.63 0.57 3.28 1.46
1.96 2275 2543  0.72 0.43 2.88 1.62
2.81 3325 2695 0.74 0.54 3.56 1.42
2.92 2265 2910 0.71 0.53 3.01 1.55
4.04 26.15 2190 0.74 0.57 2.74 1.58
5.10 2890 3190 0.65 0.57 2.28 2.03
2.62 19.40 2725 0.63 0.53 2.41 1.74
2.28 2375 3540 0.67 0.58 3.00 141
4.38 2475 2170  0.59 0.58 3.90 1.06
181 26.00 20.75 0.73 0.62 4.24 1.89
2.24 3210 2120 0.68 0.56 2.36 1.37
2.88 3090 3280 0.71 0.66 2.24 1.23
2.78 31.40 3145 0.69 0.52 2.60 0.98
5.15 2490 3350 0.69 0.62 297 1.94
3.82 3490 3025 0.77 0.57 3.84 1.28
3.58 2745 3135 0.68 0.60 2.17 2.32
2.27 3745 3035 0.63 0.50 3.05 111
2.17 2155 2565 0.63 0.58 3.43 1.42
2.36 20.45 2850 0.62 0.51 3.12 1.42
3.37 3280 28.75 055 0.57 2.71 1.57
2.80 2515 2245 0.68 0.56 3.02 1.16
4.27 41.00 3650 0.77 0.68 2.14 1.89
391 3260 36.60 0.70 0.53 2.33 1.14
4.88 28.05 4095 0.68 0.56 2.78 2.19

3.27 2655 3135 0.72 0.53 3.22 1.64

oFbe 3390 1539 19001 2093  6.45
Mean

LSD0.05 2.804 1846 0.741 0.732 0.649
LSD001 3.725 2453 0985 0.973 0863

3.22 2759 2913  0.69 0.55 2.93 151

0.438 0876 0718 0.051 0.045 0.210 0.074
0582 1164 0953 0.068 0.060 0.279 0.098
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Table 5. Continued

aolol.b Jgus

95 3 slod WS

Lo Spemiolggine  Spongoiy b esly (Jgpsdleds
Leaf-air temperature Leaf relative water Specific leaf Succulence Electrolyte
difference content (%) weight (mg.cm?) index (mg.cm) leakage (%)
iy ks A Jby B by G Jy G Jby
Genotype  Normal Stress Normal Stress Normal Stress Normal Stress Normal  Stress
S1-21 6.67 2.83 72.54 67.40 5.54 5.93 4472 3535 2894  38.83
S1-7 6.33 1.50 74.57 71.27 5.31 6.67 35.76 40.26 37.64 40.78
S1-64 6.00 1.83 75.47 65.24 5.79 5.63 4493 3884 3726  42.60
S1-32 7.17 1.50 78.49 74.85 5.13 6.96 4257 4475 4256  39.12
S1-10 7.67 2.33 74.12 64.83 6.44 5.84 4354 33.66 4149  29.30
S1-80 6.83 0.83 79.49 71.14 6.18 6.62 5146 5196  31.68 4267
S1-57 6.00 2.50 73.07 72.24 6.69 8.19 4443 4879 4049 4435
S1-44 7.11 3.00 79.88 73.94 6.92 5.37 48.42 3844 4346 4176
S1-95 7.50 3.33 78.31 69.65 5.14 5.54 3444  33.74 40.34 38.12
S1-96 6.83 2.33 78.27 71.68 6.02 5.47 48.74  36.17  37.78  42.37
S1-94 6.17 217 82.07 70.99 6.42 5.55 49.79 3338 4066  37.69
S1-89 7.83 3.17 81.37 73.97 7.20 6.01 49.74 3630 3757 4373
S1-6 7.17 1.50 7251 73.65 6.82 6.13 47.05 46.23 3321  34.65
S1-45 5.83 3.50 77.52 65.28 492 5.43 4485 33.66 3425 4540
S1-15 7.89 1.83 80.42 74.08 5.79 9.87 4445 69.03 4124  36.04
S1-26 7.00 1.67 72.07 69.16 6.52 5.75 4353 4098 37.14  42.90
S1-81 8.67 1.17 72.43 71.67 5.45 7.00 4311 4738 3949  39.54
S1-86 5.83 1.00 74.58 66.01 7.00 5.10 43.85 27.69 4027 3851
S1-82 6.00 1.83 72.24 67.75 5.75 4.54 39.53 2980 3048  41.20
S1-37 6.67 2.67 77.21 67.67 8.62 5.05 5471 3098 3740  43.09
S1-70 8.11 4.50 78.86 73.13 7.16 6.08 51.08 5470 3810 38091
S1-39 6.50 2.00 79.57 67.92 7.17 6.13 4514 3369 3870  43.93
S1-3 6.89 2.50 74.07 69.76 5.91 4.84 3877 2915 36.32  44.46
S1-13 6.78 1.83 78.65 73.33 5.98 6.45 5355 3835 37.05 4273
S1-8 6.78 3.00 73.01 75.40 6.04 6.80 45.89 49.11 41.53 40.48
S1-55 7.50 3.83 79.06 69.74 7.17 5.19 5230 4310 4039 4274
S1-31 6.33 1.67 70.20 69.70 5.81 6.17 33.63 3802 4158  37.30
S1-20 6.17 3.17 80.96 73.47 5.78 6.47 56.80 47.11 4034 4151
S1-63 6.50 2.17 80.09 73.03 7.06 6.30 65.93 47.15 40.80  43.05
S1-71 7.56 2.33 75.00 72.07 5.69 6.11 4357 4158 3408 4151
Motahar 6.50 2.67 79.31 72.38 6.82 7.19 4420 4534 4632  41.89
Shokoufa 6.17 4.00 71.18 72.94 6.47 8.07 4296 5258 3513  43.92
Paya 7.17 2.83 76.88 73.81 5.72 7.54 3945 3897  39.32 4015
Original
Population 7.00 3.00 73.88 79.86 6.22 7.25 4552 5197 36.69  40.27
T\;Sal,,o 6.86 241 76.39 71.15 6.25 6.27 4584 4142 38.23 40.75
ean
LSD 0.05 0.569 0.704 1.099 1.010 0.388 0426 1566 2.635 0918  2.027
LSD 0.01 0.756 0.936 1.461 1.342 0516 0.566 2.081  3.500 1219  2.692
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Table 6. Correlation coefficients of studied traits in different genotypes of sugar beet under normal irrigation (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

1 _ oy o 8des - 0.01™  094™ 012 055  0.01®  0.12%
Root yield

2 WS .05 - 0.36"  -0.19™  0.30™ 021  0.17™
Sugar content

3 oAbl sles g5 (oo - 0.05® 061  008® 017"
Sugar yield

4 S g6~ 011 042" - 0.32®  -0.15™  0.03"
Chlorophyll

5 B g S 4 g1ge 0377 0.20% - 0.06  0.02%
NDVI

5 a Srobeesld g 016 0400 040° 0291 - -0.06™

7 B g Sp e B o g 008 004 0097 -0.11m -
Leaf-air temperature difference

8 C Sremielegm g g0 014 043°  -0.04% 023 017"
Leaf relative water content

9 B | SAeRI0M 933 023 040" 0517 -0.01 016  -0.02%
Specific leaf weight

glou L™ n n n . n n n

10 _ 0.25"  -0.09™  0.22  0.55 0.10®  0.21™  0.10™
Succulence index

1 ANl g 16 0o1m 016™ 0200 006® 0.0 0217

Electrolyte leakage
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Table 6. Continued wolol # Jgur
9 10 11

1 _ “haroles - g1om 028 021 -0.14%
Root yield

2 e 02 -0.35 -0.31" 0.03™
Sugar content

3 - AL s > Slos 011 -0.38" -0.29"s -0.12"s
Sugar yield

A Jdo s 0.41* 0.46™ 0.39" 0.25™
Chlorophyll

. P Gy a5l o -0.18™ -0.28™ -0.15™
NDVI

6 Srgheesld gogn o7 .040  -0.08™
LAI

; B Spsle B a0 0.02" 0.01" 0.13"
Leaf—air temperature difference

8 TRl g 0.21" 0.55™ 0.35"
Leaf relative water content

9 B - Syoe9 09 0.55™ - 053" 0.18™
Specific leaf weight

10 - ol psls 063" 0.81™ _ 0.04"
Succulence index

1 oA edd g gem g1 008 -

Electrolyte leakage

*% * ns

oy Sy g i Jleiml gl (o Iy e g o pre pf TS 4T
ns, *and**: None significant and significant at 5 and 1%, Respectively.
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Table 7. Results of factor analysis of studied traits for different genotypes of sugar beet under normal irrigation

Variable RN el awdole Ll Jole Sl ol
Factorl Factor2 Factor3 Factor4  Communality

1 Root yield a5 0 yShos -0.140 0.907 -0.073 -0.171 0.876

2 Sugar content RVEIRW S -0.402 0.173 0.349 0.578 0.647

3 Sugar yield AL S o Sl -0.266 0.905 0.047 0.047 0.895

4 Chlorophyll Judg s 0.730 0.361 0.205 -0.038 0.707

5 NDVI B Jebgy asls 0.027 0.821 0.023 0.242 0.735

6 LAI gl ua;l-: -0.052 -0.004 -0.227 0.825 0.735

7 _ bozo g Spgls SS9 0125 0615  -0.157 0.428
Leaf-air temperature difference

8 _ S ol e i 0.496 0.033 0.586 0168 0.620
Leaf relative water content

9 Specific leaf weight S 059039 0.851 -0.215 -0.020 -0.173 0.801

10 Succulence index Shols sl 0.742 -0.184 0.094 -0.030 0.593

11 Gy leds g 156 0166 0702 -0.007 0.544
Electrolyte leakage
Eigenvaluue o329 ylado 3.691 2.260 1.336 1.058
Percent of variance owilylg doyo 30.759 18.838 11.142 8.815
Cumulative percentage %5 dwo)d 30.759 49.596 60.738 69.553
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Table 8. Results of factor analysis of studied traits for different genotypes of sugar beet under water deficit

stress
Variable Sodole g dele awdale Sl Jole STl gl
Factorl  Factor2 Factor3 Factor4 Communality
1 Rootyield Al 5 0 ySlos 0.184 0.905 0.131 0.095 0.878
2 Sugar content K3 aeys 0.024 -0.069 0.908 0.046 0.832
a8 0 Slos
3 Sugar yield 0.192 0.867 0.378 0.104 0.942
AL
4 Chlorophyll Jd9, s 0.608 0.471 -0.187 0.076 0.633
5 NDVI B g aslis 0,094 0.652 -0.206 0.042 0.478
6 LAl Sy o (5L 0.179 0.630 -0.289 -0.075 0.519
7 _ b g Sp gleo B 07 -0.083 0.147 0.808 0.688
Leaf-air temperature difference
8 _ Srolemiss ™ o784 0001 0209 0222 0.708
Leaf relative water content
9 Specific leaf weight Spopgie  0.896 0.161 0.300 -0.135 0.937
10 Succulence index oy sl 0.909 0.105 -0.092 -0.001 0.846
11 AN o075 015 0092 0720 0570
Electrolyte leakage
Eigenvaluue o9 ylado  4.205 2.170 1.368 1.226
Percent of variance owbylg aoys  35.046 18.085 11.399 10.222
Cumulative percentage (o5 dwoys  35.046 53.131 64.530 74.752
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