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Table 1. Analysis of variance for agronomic and physiologic characteristics of
sunflower genotypes in water stress conditions

MS Sl s Sils
R T T Slyos ST Ol <l > Shes BIELYUT)
3! g ObLt T e als
6&.,\1? 6”“\1? e?j. 4By Cawd
S.0.V. Sl e, DSF DEF HD RWC RWL SY TSW
Replication SIS 938™  0.68™  66.39™ 11740  0.016™ 1362255.07™  17.81™
Treatment s
Unadjusted S 35 476™  0.52™  18.09™  35.44™  0.004™  458491.24"  198.34™
Adjusted old s 35 - - - - - - -
Block/Reps b, s bes b
Adjusted okl s 10 - - - - - - -
oLzl
Effective RS 25 - - - - - - -
RCBD olas JolS STk - b 35 3.56 0.42 24.03 4471 0.008 23214043  292.86
Intrablock S sb 03 25 - - - - - - -
Jo sl STk b 4 o Y o EF EF EF EF EF EF EF
R Lattice< Lattice< Lattice< Lattice< Lattice< Lattice< Lattice<
Efficiency of Lattice over RCBD RCBD  RCBD  RCBD  RCBD  RCBD RCBD RCBD
C.V. (%) (1) s s 232 0.74 20.13 1244 1428 23.31 21.08

o3 Laesls Luilyls 4 o (Y ) slad sd>)
Sl o a8 s ol S i bl ya
it 6y SIS 53 i
St oL B Sl g 3550 S 55
O oa Ly (e (G i IS

Yo

.4.,,):\,u,;aduycm,:,u@uu\;@”,;,g;4,,:**,*Lns

ns, * and **: Not significant, significant at 5% and 1% of probability levels, respectively.
DSF: Days to Start of Flowering; DEF: Days to End of Flowering; HD: Head Diameter; TSW: Thousand Seed Weight; SY: Seed
Yield; RWC: Relative Water Content; RWL: Relative Water Loss.
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Table 2. Analysis of variance for agronomic and physiologic characteristics of
sunflower genotypes in water stress conditions

MS Sl o Nibe
TR 55 i &K slaws 6l L S Sl
05T KR = Sk glas
S.0.V. St gl df, DM PH LN SD REL CMS
Replication FEC 0.12™ 23472 7.60™ 86.24™ 0.37™ 1.33™
Treatment Hles
Unadjusted e 35 0.18™ 1241.84™ 6.13" 6.26™ 48.85" 12.87
Adjusted olimmal 35 0.18™ 1241.84" 6.13™ 6.26™ 48.85" 12.87"
Block/Reps ol S5 s sS4
Adjusted S e 10 0.42™ 2749.38™  11.82™ 11.12™ 15.05™ 7.89"™
Error ol
Efficient F» 25 031 243.49 423 4.93 3.33 1.50
RCBD Gl JSSShe b 35 032 922.95 5.89 6.16 6.22 3.12
Intrablock Sskosss 25 028 192.37 3.52 4.18 2.70 121
5 S (sla Sk b 4 s Y DS
Efficiency of Lattice over RCBD 104.2 379.04 139.23 125.1 186.87 207.16
C.V. (%) () i 0.56 18.65 18.99 19.22 3.84 7.598

..La).)\}.Lp)boJl«b\dﬁu}})b&n&).}&f%i&i:**}*Ans

ns, * and **: Not significant, significant at 5% and 1% of probability levels, respectively.
DM: Days to physiological Maturity; LN: Leaf Number; PH: Plant Height; SD: Stem Diameter; REL: Relative Ionic Leakage; CMS:

Cell Membrane Stability.
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Table 3. Mean comparison for different characteristics of sunflower genotypes in water

stress conditions

) oS plis| PR PR Jske glaé g b 61> > Slas
Genotype Plant height Relative ionic Cell membrane Seed yield
(cm) leakage stability (kgha™)
(%) (umhos/cm)
SIL-20 95.5b 63.05a 18.55abcedef 1222bcde
SIL-42 70.0b 55.25b 14.15ghijkl 1473bcde
SIL-53 59.5b 48.30cdefghijk 17.60abcdefgh 636de
SIL-54 87.5b 53.70bc 18.10abcdefg 952bcde
SIL-75 69.0b 51.45bcdefg 12.70k1 579
SIL-80 68.0b 51.80bcdef 19.15abced 994bcde
SIL-82 77.0b 43.00jkImn 17.20abcdefghij  1009bcde
SIL-94 59.0b 45.90fghijklmn 17.75abcdefgh 780bcde
SIL-96 79.0b 44.90hijklmn 12.70kl 1538bcde
SIL-97 61.5b 43.70jklmn 13.45hijkl 1081bcde
SIL-99 79.0b 44 .75hijklmn 16.00bcdefghijkl  948bcde
SIL-114 62.5b 52.05bcde 20.70a 674cde
SIL-140 68.0b 52.00bcde 19.45abc 1832bc
SIL-162 62.0b 50.15bcdefghi 16.30bcdefghijk ~ 968bcde
SIL-200 59.0b 50.50bcdefgh 13.151jkl1 452¢
SIL-203 89.0b 44 35ijklmn 19.10abcde 763bcde
SIL-205 80.5b 43.70jklmn 15.45cdefghijkl ~ 924bcde
SIL-206 72.0b 48.85cdefghij 16.05bcdefghijkl  1535bcde
SIL-210 76.5b 54.20bc 20.65a 1818bcd
SIL-215 96.5b 42.25klmn 12.80k1 1470bcde
SIL-217 64.5b 41.00mn 14.70fghijkl 856bcde
SIL-222 105.0b 47.40defghijkl 20.05ab 1205bcde
SIL-224 98.0b 45.05hijklmn 16.50abcdefghijk  1526bcde
SIL-226 93.0b 45.75ghijklmn 17.45abcdefghi 783bcde
SIL-227 95.0b 52.75bcd 16.45abcdefghijk  1479bcde
SIL-237 88.5b 45.10hijklmn 13.20ijkl 2872a
SIL-238 93.0b 41.551mn 14.80efghijkl 1293bcde
SIL-254 105.0b 42.40klmn 14.65fghijkl 683cde
SIL-259 205.5a 43.75jklmn 14.40fghijkl 1145bcde
SIL-260 92.5b 40.30n 13.05jkl1 823bcde
SIL-280 97.0b 47.05defghijklm  18.15abcdefg 678cde
SIL-196 77.5b 46.40efghijklmn  13.60hijkl 1148bcde
SIL-218 79.5b 51.55bedefg 14.95defghijkl 1874b
SIL-231 85.5b 46.80defghijklm  18.5abcdef 952bcde
SIL-210 82.0b 41.45lmn 18.25abcdefg 1511bcde
SIL-211 78.5b 45.05hijklmn 11.91 831bcde

s Sl gme (M| B O g n 55 S 2k o o b e Sobee
Means with similar letters in each column are not significantly different.
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Table 4. Correlation coefficients between different characteristics of sunflower genotypes in water stress conditions

Caracteristics DSF DEF DMS HD PLH NL SD TSW Yield REL RWC RWL
DEF -0.156

DMS 0.111 0.298

HD 0304  -0.153 -0.233

PLH 0.0028  -0.355" -0.228 0.083

NL -0.113 -0.259 -0.044 0.127 0.597"

SD -0.271 -0.150 -0.107 0.212 0.645" 0.843"

TSW 0315 -0.106 0.082 0.538" -0.016 0.042 -0.710

Yield -0.416"  -0.012 -0.071 0.255 0.105 0.315 0.206 0.476"

REL 0.085 0.210 0.135 -0.080 -0.199 -0.231 -0.319 0.181 0.106

RWC 0.190  -0.027 0.025 -0.095 0.071 0.077 -0.087 -0.047 0.029 0.383"

RWL 0.100  -0.128 0.083 -0.004 0.039 0.100 -0.141 0.107 -0.387" 0.156  0.306

CMS 0.114 0.209 0.135 -0.095 -0.175 -0.221 -0.334 0.167 -0.375" 0.988"  0.434" 0.198

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

For abbreviations see Tables 1 and 2.
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Table 5. Mean of seed yield and different drought tolerance indices of sunflower
genotypes under normal and drought stress conditions

Genotype Ys Yp SSI TOL  STI MP GMP Harm DRI
SIL-20 1220bede  2777abedefgh  1.068481 155435  0.584208  1999.56 184234  1697.487 1.013
SIL-42 1473bede  2313bcdefgh  0.692876  839.48  0.586382  1892.89 184577  1799.815 -0.384
SIL -53 636de 1424fgh 1.055857  787.50  0.155873  1029.88  951.64 879.3391  0.479
SIL -54 952bede 1586defgh 0762072 633.15 0260043 126928  1229.16  1190.317 -0.118
SIL-75 579 1888cdefgh 1323391 1309.17  0.188203  1233.67 104568 886341 1357
SIL-80 994bede 1792defgh 0.850202 79835 0306645 1393.18 133476  1278.803 0.094
SIL-82 1009bcde  242labedefgh  1.113089  1412.08 0420699 171544  1563.41  1424.848 1.032
SIL-94 780bede 1379fgh 0.828563  598.68  0.185277  1079.84  1037.52  996.8606 0.022
SIL-96 1538bcde  2680abedefgh  0.813341  1141.88  0.70934  2108.84  2030.08  1954.266 0.015
SIL-97 1081bede  1966cdefgh 0.859227 88497 0365778 152347 145779  1394.947 0.130
SIL-99 948bede 2886abedefgh 1281415 1937.77 0471315 1917.57 165479  1428.018 1.919
SIL-114 674cde 2546abcdefgh 1402965 187127 029562 161027 131055  1066.62 2.125
SIL-140 1832be 2302bcdefgh 0389673 470.05 0726191  2067.46 205405  2040.738 -1.364
SIL-162 963bede 1534efgh 0.70348 56525 025565  1251.08 121873  1187.228 -0.242
SIL-200 45%¢ 1489efgh 1328364 1036.17 011602 970.82  821.02 6943338  1.074
SIL-203 763bede 2042cdefgh 1.194566  1277.67  0.268419 140272 124880  1111.772 1.100
SIL-205 924bede 1874cdefgh 0967564  950.07 0298134  1399.22  1316.11  1237.94 0.408
SIL-206 1535bede  2679%abedefgh  0.814727 114345 0707978 2107.18  2028.13  1952.053 0.020
SIL-210 1818bed 2813abcdefgh  0.675244  995.05  0.88002 231526  2261.17 2208342 -0.529
SIL-215 1470bede  3409abedef 1.085624  1939.00  0.862676  2439.68  2238.77  2054.412 1333
SIL-217 856bede 3127abedefg 1385986 2270.63  0.460965 199177 163652  1344.63 2.543
SIL-222 1205bede  3852abe 131161 2647.22 0799161 252884 215478  1836.055 2.736
SIL-224 1526bede 3498abede 1.076042 197190 0918733  2511.95 231037  2124.961 1321
SIL-226 783bede 1734defgh 1.046358  950.60  0.233843 125878  1165.60 1079313 0.567
SIL-227 1479bede  2856abedefgh 0920576 1377.42 0726826 216729 205495 1948435 0.449
SIL-237 2872a 4347a 0.647577 147473  2.148818  3609.47 353335 3458831 -0.972
SIL-238 1293bede  2419abedefgh  0.888571 112595  0.538163 185571 176825  1684.912 0.267
SIL-254 683cde 1334gh 0.930464 65030  0.156992  1008.88  955.05 904.088 0212
SIL-259 1145bede  1868cdefgh 0.73915 72328 0367933  1506.14  1462.08  1419.306 -0.194
SIL-260 823bede 1034h 0389817 21122  0.14651 928.64 92262  916.6295  -0.629
SIL-280 678cde 1365gh 0959638 68635  0.159506  1022.01 962.67  906.7716  0.274
SIL-196 1148bcde  2855abedefgh  1.141206  1707.12  0.564273 200174  1810.63  1637.774 1335
SIL-218 1874b 3614abed 0918748  1739.50  1.16594 274418  2602.70  2468.518 0.567
SIL-231 957bede 4222ab 1477917 3268.65 0.692366  2587.21  2005.64  1554.81 3.988
SIL-240 I511bede  2492abedefgh 0751278 980.70  0.647984 200130 194030  1881.157 -0.205
SIL-211 83 1bede 2357abedefgh 1235802 1526.17  0.337191 159417  1399.67  1228.896 1411

Ys: Yield in rain-fed condition (kgha™); Yp: Yield in irrigated condition (kgha™); SSI: Stress Susceptibility
Index; Tol: Tolerance; DRI: Drought Response Index; STI: Stress Tolerance Index; MP: Mean Productivity;
GMP: Geometric Mean Productivity; HarM: Harmonic Mean
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Table 6. Correlation coefficients between different drought tolerance indices and seed yield under normal and drought stress conditions

Characteristics Ys Yp GMP STI MP TOL HarM SSI
Ys
Yp 0.645"
GMP 0.931" 0.877"
STI 0.932" 0.823" 0.973"
MP 0.846" 0.953" 0.981" 0.943"
TOL 0.100 0.825" 0.454" 0.381" 0.615"
HarM 0.977" 0.786" 0.986" 0.970" 0.935" 0.301
SSI -0.490™ 0.291 -0.162 -0.194 0.009 0.741" -0.307
DRI -0.400" 0.442" -0.041 -0.108 0.150 0.871" -0.205 0.924"

* and **: Significant at 5% and 1% probability levels, respectively.
Ys: Yield in rain-fed condition; Yp: Yield in irrigated condition; SSI: Stress Susceptibility Index; Tol: Tolerance; DRI: Drought Response Index; STI:
Stress Tolerance Index; MP: Mean Productivity; GMP: Geometric Mean Productivity; HarM: Harmonic Mean
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Table 7. Eigen values and vectors of drought tolerance indices for 36 genotypes of

sunflower
adl §e polae e g
Component 053 Cumulative (S 4 oS sla e
= Proportion Drought tolerance indices
Eigen (%)
values Y Y SSI TOL STI MP GMP HarM DRI
1 5.737  63.742 0946 0.857 -0.206 0.416 0.982 0972  0.998 0.990 -0.083
2 3.123  98.442 -0.321 0.512 0.943 0904 -0.018 0.230 0.044 -0.119 0.991

Y. Yield in rain-fed condition;, Y,: Yeild in irrigated condition; SSI: Stress Susceptibility Index;
Tol: Tolerance; DRI: Drought Response Index; STI: Stress Tolerance Index; MP: Mean Productivity;
GMP: Geometric Mean Productivity; HarM: Harmonic Mean
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Fig. 1. 3-D graph for drought tolerance in sunflower genotypes based on STI
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Fig. 6. Dendrogram developed by cluster analysis based on MP, STI, GMP and
HarM indices for sunflower genotypes
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