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ABSTRACT

Due to arid and semi-arid climates, identification of water deficit stress tolerant genotypes is really
important in Iran. To select tolerant genotypes, it is necessary to use important and practical indicators. In
this regard, this study was conducted to studying the effect of water deficit stress on 27 sugar beet
genotypes in a split plots based on randomized complete block design in three replications at the
University of Tabriz in 2019. The main factor included two irrigation levels (optimal and water deficit),
and the sub-factor included 27 sugar beet genotypes. In this experiment, sugar beet seeds were planted in
the PVC tubes. Studied traits included transpirational cooling before and after irrigation, relative water
loss (RWL), relative water content (RWC), root weight (RW), electrolyte leakage (EL), initial
fluorescence (FO), maximum fluorescence (Fm), and quantum vyield of photosystem Il. Based on the
analysis of variance, irrigation, genotype, and irrigation x genotype interaction effects were significant for
all studied traits at 1% of probability level. Also, the relative lost water, relative water content, maximum
fluorescence, and quantum yield of photosystem Il were significantly reduced due to water deficit stress.
In terms of transpirational cooling indices after irrigation, relative water content, root weight, electrolyte
leakage, initial fluorescence, and quantum yield of photosystem Il, Full sib S1- 10- 8001 genotype was
identified as the tolerant genotype.

Keywords: Electrolyte leakage, photosystem, relative water content, root weight, transpirational cooling.
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Table 1. Genotype Codes and names

Code Name Code Name
1 Full sib S1- 2- 8001 15 3-way cross Hybrid SC (C2 * A1) * 8001 - S1 - 2
2 Full sib S1- 5- 8001 16 3-way cross Hybrid SC (C2 * A1) *8001-S1-5
3 Full sib S1- 6- 8001 17 3-way cross Hybrid SC (C2 * A1) * 8001 - S1-6
4 Full sib S1- 7- 8001 18 3-way cross Hybrid SC (C2 * A1) * 8001 -S1-7
5 Full sib S1- 9- 8001 19 3-way cross Hybrid SC (C2 * A1) *8001-S1-9
6 Full sib S1- 10- 8001 20 3-way cross Hybrid SC (C2 * A1) * 8001 - S1 - 10
7 Full sib S1- 11- 8001 21 3-way cross Hybrid SC (C2 * A1) * 8001 - S1-11
8 3-way cross Hybrid SC (261*231) * 8001 - S1 - 2 22 Drought tolerant IR7
9 3-way cross Hybrid SC (261*231) * 8001 - S1-5 23 Single cross hybrid (C2 * A.1)
10 3-way cross Hybrid SC (261*231) * 8001 - S1 - 6 24 Single cross hybrid (261 * 231)
11 3-way cross Hybrid SC (261*231) * 8001 - S1 - 7 25 Drought sensitive191 Shirin
12 3-way cross Hybrid SC (261*231) * 8001 - S1 - 9 26 Primary base 8001
13 3-way cross Hybrid SC (261*231) * 8001 - S1 - 10 27 Tolerant to salinity Hybrid SC(C2 * A.1) * 7233-P.29
14 3-way cross Hybrid SC (261*231) * 8001 - S1 - 11 e —
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! Transpirational cooling

2 Relative water loss (RWL)

3 Relative water content (RWC)
4 Electrolyte leakage (EL)
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Table 2. Variance analysis of split plots of studied traits in sugar beet genotypes
MS
V.O.S df Transpirational Transpirational Relative water Relative water Root weight
cooling before cooling after loss (RWL) content (RWC) (RW)
Irrigation (TCy) Irrigation (TC,)

Replication 2 3.13™ 0.82" 0.11" 6.88™ 6143.46™
Irrigation 1 1331.34" 734.13™ 5.64" 7162.45™ 413140.5
Errorl 2 491 0.77 0.095 59.70 4313.39
Genotype 26 8.21™ 5.48" 0.24™ 197.35™ 23228.96™
xIrrigation 26 5377 6.57" 0.092" 80.88™ 15356.33™

Genotype
Error2 104 0.974 0.24 0.025 11.14 683.89
C.V (%) 10.35 9.69 10.36 451 16.91

il oo ) Gme b g loyd iy g Slein] paw )3 (I gxe oA MS g
** *and ™: significant at 1% and 5% of probability levels, and non significant, respectively.

=Y Jgoz sl
Table-2 continued

MS
SOV df Electrolyte Initial Maximum Quantum yield of
leakage (EL) fluorescence fluorescence photosystem 11
(FO) (Fm) (Fv/Fm)
Replication 2 209.7" 5071.12" 20409.24™ 0.003"
Irrigation 1 5296.72" 354482™ 178403.56" 0.41"
Errorl 2 15.99 1179.46 5568.06 0.002
Genotype 26 240.27" 13103.20™ 76238.71" 0.006™
Irrigation x Genotype 26 181.11™ 10571.29™ 125644.3™ 0.004™
Error2 104 17.51 570.99 8640.62 0.001
C.V (%) 5.65 12.36 8.73 3.2

Wbl ) pme pf g lo iy g Slein] paw )3 (I xe Cu Ay MS g ke
** *and ": significant at 1% and 5% of probability levels, and non significant, respectively.
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Table 3. Mean comparison of the sugar beet genotypes studied traits in normal irrigation levels and water deficit stress

Genotype Transpirational cooling before Transpirational cooling after relative water loss (RWL) g.g° relative water content (RWC) % Root weight
Irrigation (TCy) C° Irrigation (TC,) C° It (RW) gr plant*
Optimal Stress Optimal Stress Optimal Stress Optimal Stress Optimal Stress
6.67° 12.42 2.91° 7.17° 1.722 1.35° 80.6% 67.31° 205.15% 104.15°
1 3,99 13.56%*¢ 0.47* 8.95 1.44% 1.13™ 71.99" 66.86%1 175.33 67"
2 5.95¢f 13.18%¢ 1.89‘1_ 4.59’: 1.459" 1.75% 81.88¢f 69.78¢f 224.67"‘? 104°h
3 5.67%9 10.671% 1.96%" 6.57' 1.489" 1.3249 74k 67.69¢" 174.33% 62.33"
4 8.17% 13.41%¢ 3.51%¢ 6.21' 1.67¢" 1.34%9 85.44¢ 74.53*¢ 139.67™ 100.67¢"
5 8.28%® 13.28%¢ 2.129 6.8%1 1.569" 1.17% 89.62% 59.89i 207¢f 68.679"
6 9.23%® 11.95°f 1.16" 3.05k 1.5 1.37¢f 90.93% 71.15%¢ 167" 165.67%°
7 9.01% 12.28%f O.94ik_ 9.65% 1.54%¢ 1.31%9 75.87% 69.27¢9 125+ 65"
8 5.35%9 12.28%f 1.92¢1 10.33"j‘ 1.95%¢ 1.18f 91.43_b 70.33%¢ 178.67¢" 176.67°
9 9.01% 13.26%¢ 3.09¢f 6.899" 1.87¢f 1.45%f 73.65"'AK 69.97°F 229.67¢ 138>
10 5.63¢9 12.73%¢ 2.67¢9 7.97% 1.68%" 1.32¢9 76.89 69.56%f 306.67° 97.67¢"
11 5.1¢h 11.78f 3.87% 9.55% 2.42 1.57%d 87.7%°¢ 72.3%9 382.67° 145%¢
12 7.85%¢ 12.28%*f 2.39% 7.8%f 2.2%® 1.57%d 69.114 58.814 611° 177.33%
13 7.85%¢ 13.38%¢ 4.05%¢ 9.85° 1.66%" 1.26%9 81.29%9 60.73" 223.33% 149.33%4
14 5.34%9 11.840F 3.210f 7.05% 1.46% 1.16M 69.584 63.029°% 163" 85.679"
15 8.68% 12.76*¢ 3.05¢f 6.73" 1.57%" 1.2%9 75.119% 62.55M« 126" 119°9
16 6.03%f 13.18%¢ 4.29° 472 1.429 1.32%9 77.17" 63.5M 137.67™ 58.67"
17 6.22¢¢ 11.895F 4.21° 5.13 1.98>d 1.3%9 91.97% 76.2 210%F 75.339"
18 7.84%¢ 12.89%¢ 3.78% 7.84¢f 1.714n 1.37¢f 88*° 68.78°" 97! 90"
19 8.92% 11.83%F 3.12¢f 7.06% 1.61% 1.03¢ 80.18°%" 59.52% 110.33" 85.679"
20 7.89*¢ 11.11¢F 4.17° 6.42' 1.72%9 1.66%° 77.82% 53.83' 147"k 61"
21 9.442 13.95° 3.71%4 8.47% 1.7¢h 1.33%9 70.02/ 69.4%9 337¢ 79.679"
22 461" 13.78% 3uf 7.72%9 1.4 1.31%9 67.01' 64.33% 15991 157%®
23 7.455¢ 11.84°F 3.84%d 6.16' 1.920¢ 1.3%9 91.91° 71.76%¢ 224.67% 56"
24 4.67°" 12%f 3.17%f 6.76" 2.15%¢ 1.51%¢ 80.45°¢ 72.17%¢ 202%9 64.67"
25 3.37" 12.45F 1.46M 7.55%h 1.519" 1.16M 85.06"¢ 68.27¢" 229¢ 119.33°9
26 4,22t 9.789 3.63%d 6.8391 1.71%h 1.37¢f 86.91%¢ 77.342 103.67¢ 86.339"
27 4.39°" 11.51%9 4.09% 6.97" 2.28° 1.7% 85.45"¢ 65.82¢7 153.67%1 150.33%*¢

il ged Sy g phaw jo o pixe BT Gl (5w ja 10 S e gy slils slaSike
Means followed by the same letter(s) in the same column are not significantly different at 5% of probability level.
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Table-3 continued
Genotype Electrolyte leakage (EL) % Initial fluorescence (FO) ms Maximum fluorescence (Fm) ms Quantum yield of photosystem I
(Fv/Fm) ms

Optimal Stress Optimal Stress Optimal Stress Optimal Stress

68.4° 79.842 146.51° 240.06* 1098.26% 1031.69° 0.867% 0.766°

1 69.9¢" 82.42b¢ 159.7>f 192,391 1136%9 9079 0.877*¢ 0.785*¢
2 66.92% 74,59 121.6" 174.6Y 9107 825 0.862°f 0.786%*°
3 58.62im 84.59%¢ 196.3° 2424f 1083%i 880"k 0.819% 0.724%f

4 61.97" 73.77" 87.3 19391 1072¢ 1073%9 0.923% 0.82%
5 73.25f 87.46%°¢ 148.6°f 176% 1040¢ 1046¢ 0.858°f 0.821*
6 62.23™ 63.11) 119.3" 189.69 97797 1056°" 0.878** 0.818*
7 72.924f 88.59% 161.3>f 217" 12624 1128¢%¢ 0.885*¢ 0.807*¢
8 68.78% 77.76%9 144%9 1551 1110%9 784% 0.882*¢ 0.758¢
9 74.44%¢ 77.97%9 156.5"f 406.6° 15292 1010% 0.897%¢ 0.597"
10 63.31" 83.96*¢ 90.4' 410° 8253k 17262 0.892%¢ 0.762°¢
11 48.31" 72.069" 155.3"f 184Mi 1388%® 9661 0.867°f 0.806%°
12 58.51m 81.47°f 191.8% 294.3° 1211°® 1056°" 0.8414F 0.726%
13 53.4™ 78.23%9 151.3% 184" 1079 871k 0.86"f 0.788*¢
14 55.19"" 86.89%¢ 1754 218.3" 1219¢%¢ 1051¢ 0.855°f 0.781%¢
15 80.81%° 84.76%¢ 166°f 279.3¢ 110240 1091¢f 0.849¢f 0.726%
16 72.72¢f 76.69¢" 156.3f 209.6" 1089% 929"k 0.851¢f 0.809%
17 66.09% 71.9291 127.6%1 455.67° 922k 1441° 0.86>f 0.682%
18 57.34km 75.78¢" 248.7° 377.67° 1208%¢ 1168« 0.795°¢ 0.676°
19 79.8%¢ 83.81%¢ 171.7%¢ 213.33% 1325 1112¢%¢ 0.871°¢ 0.808%®
20 72.614f 81.48°f 136.79" 207.7% 1173¢f 1015¢ 0.893*¢ 0.79%¢
21 78.1%¢ 86.9%° 1029 232.7%9 768% 1193° 0.866"f 0.804%¢
22 71.55%9 87.06*¢ 123% 1545 95897 7864 0.869"f 0.803%*¢
23 69.7¢" 86.25%°¢ 132.3% 199.6" 1060° 817k 0.875% 0.756°¢
24 64.249% 81.79>f 156°f 227.7%" 1135%9 1002¢% 0.86>f 0.773%*¢
25 75.28%¢ 90.65° 161°f 23489 95697 10839 0.836%9 0.774%¢
26 79.33%¢ 82.99%¢ 120.3" 180.81 1085% 911% 0.889%¢ 0.801%°
27 63.26" 80.87"F 95" 272 1023 926"« 0.907% 0.707%

il ged Sy g plaw jo o pixe BT Gl (st o 10 S e gy slils sloSike
Means followed by the same letter(s) in the same column are not significantly different at 5% of probability level.
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Table 4. Correlation coefficient between studied traits of sugar beet genotypes

Traits 1-TC, 2-TC, 3-RWL 4-RWC

5-RW 6-EL 7-FO 8-Fm 9-Fv/Fm

1 1

0.740™ 1

-0.530™ -0.451™ 1

-0.592" -0.561" 0.515™ 1

© 00 N O O WN

-0.427™ -0.409™ 0.525™ 0.242™
0.504™ 0.527™ -0.459™ -0.430™
0.512™ 0.435™ -0.337™ -0.375™
-0.09 -0.145 0.150 0.115
-0.615™ -0.596™ 0.418™ 0.493™

1

-0.406™ 1
-0.310™ 0.294™ 1
0.053 -0.113 0.363™ 1
0.330™ -0.333™ -0.851™ 0.118 1

**: significant at 1% of probability level.
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Table 5. Scores, eigen values, variance and cumulative variance percentage of four principal component
related to the studied traits of sugar beet genotypes in normal irrigation level

Traits PC1 PC2 PC3 PC4
TCb 0.035 0.064 0.623 0.337
TCa -0.051 -0.418 0.235 -0.156
RWL 0.091 -0.675 0.018 0.001
RWC -0.184 -0.250 0.110 -0.642
EL -0.322 0.315 0.333 0.101
FO 0.624 0.177 0.150 -0.205
Fm 0.371 -0.145 0.536 0.015
Fv/Fm -0.513 -0.223 0.208 0.247
RW 0.246 -0.319 -0.284 0.580
Eigen value 2.1562 1.8631 1.2885 1.1955
Percent of Variance 0.240 0.207 0.143 0.133
Cumulative Percentage 0.240 0.447 0.590 0.723
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Table 6.Scores, eigen values, variance and cumulative variance percentage of four principal component
related to the studied traits of sugar beet genotypes under water deficit stress

Traits PC1 PC2 PC3 PC4

TCb 0.093 0.225 -0.295 0.719

TCa 0.235 0.386 -0.391 -0.107

RWL -0.206 -0.429 -0.221 -0.325

RWC -0.272 -0.201 0.172 0.343

EL 0.225 0.552 0.017 -0.381

FO -0.604 0.281 -0.071 -0.031

Fm -0.395 0.395 0.225 0.179

Fv/Fm 0.498 -0.102 0.349 0.240

RW 0.015 -0.161 -0.710 0.114

Eigenvalue 2.2726 1.8864 1.3779 1.0260

Percent of Variance 0.253 0.210 0.153 0.114

Cumulative Percentage 0.253 0.462 0.615 0.729
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Figure 1. Biplot based on the principal component analysis of 27 sugar beet genotypes in the normal
irrigation level
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Figure 2. Relations between different traits in 27 sugar beet genotypes in the normal irrigation level
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Figure 3. Biplot based on Principal Component Analysis for 27 genotypes of sugar beet under water
deficit stress
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Figure 4. Relations between different traits in 27 sugar beet genotypes under water deficit stress
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