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Evaluation of phosphorus deficiency stress tolerance in oilseed sunflow-
er pure lines (Helianthus annuus L.)
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Table 1. The list of the studied oilseed sunflower lines

s oY gl e SERIA ey IAS L Sl S gl
Code Name of line Name of country Name of Code  Name of line Name of Name of
research center country research center

1 H100A/83HR4 French ASGROW 51 RHA265 USA USDA

2 H209A/LC1064 French ASGROW 52 PMI-3 USA USDA

3 H205A/H543R French ASGROW 53 RT948 French RUSTICA
4 AS5306 French ENSAT 54  ENSAT-283 - -

5 RHAS858 USA USDA 55 QHP-1 French INRAMONT
6 H209A/83HR4 French ASGROW 56 SDR19 USA USDA

7 AS3211 French ENSAT 57 HA337B USA USDA

8 ENSAT-254 French ENSAT 58 H100B French ASGROW
9 AS5304 French ASGROW 59 B454/03 Hungary -

10 (K100)1009329.2 French ENSAT 60 HA304 USA USDA

11 ENSAT-270 French ENSAT 61 RT931 French RUSTICA
12 AS613 French ASGROW 62 HA335B USA USDA

13 A-FIPOPA French NOVARTIS 63 NS_B5 French NOVARTIS
14 OES French INRAMONT 64 SDB3 USA USDA

15 H100A/LC1064 French ASGROW 65 LC1064C French ASGROW
16 RHA266 USA USDA 66 NS-R3 French NOVARTIS
17 PAC2 French ENSAT 67 DM-2 USA USDA
18 H157A/LC1064 French ASGROW 68 HIS6A/RHA274  French ASGROW
19 DES20QR5 French BRN 69 SDBI USA USDA
20 (K100)1009337 French ENSAT 70 HAR-4 USA USDA
21 AS3232 French ENSAT 71 AS5305 French ASGROW
22 ASB312 French ASGROW 72 RHA274 USA USDA
23 ASB28 French ASGROW 73 HIS SNBHS‘BR' French ASGROW
24 CSA39 French Caussade 74 HI00A/RHA274  French ASGROW

semences
25 HO049+FSB French - 75  H209A/H566R  French ASGROW
26 SSD-580 French ASGROW 76  ASO-1-POP-A French ENSAT
27 5AS-F,/Ay*R, French ASGROW 77 AS6305 French ENSAT
28 CR16=PRH67 French CF 78 B-FIPOPB French NOVARTIS
29 ENSAT699 French ENSAT 79 D34 USA USDA
30 SSD-581 French ASGROW 80 CAY French ENSAT
31 TMB-51 French INRAMONT 81 346 Iran SPII
32 10-59 Iran SPII 82  NS-F-As*Rs French NOVARTIS
33 110 Iran SPII 83 36 Iran SPII
34 H603R French INRAMONT 84 38 Iran SPII
35 4 Iran SPII 85 SDB2 French INRAMONT
36 CHLORINA-703 French ENSAT 86  HISSA/LC1064 - -
37 NSF;-A,*R5 French NOVARTIS 87  HI56A/H543R  French ASGROW
38 28 Iran SPII 88  H543R/H543R French ASGROW
39 30 Iran SPII 89 H543R French -
40 F1250/03 Hungary - 90 15038 French ASGROW
41 SDRI8 USA USDA 91 SF076 French ENSAT
42 LP-CSYB French ENSAT 92 8A*LC1064C* - -
43 1-803 Serbia IFVC 93 SF085 French ENSAT
44 1009370-1(100K) French ENSAT 94 SF092 - .
45 CSWW2X French Caussade 95 HC91 Iran SPII
semences

46 1009370-3(100K) French ENSAT 96 10-59 Iran SPII
47 H158A/H543R-A French ASGROW 97  H-100A-90RLS - -
48 HI100A French ASGROW 98 SF109 French ENSAT
49 15031 French ASGROW 99 SF105 French ENSAT
50 H205A/83HR4 French ASGROW 100 SF-023 - -
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Table 2. Results of soil analysis during the evaluation of oilseed sunflower lines under optimal and deficiency
conditions of absorbable phosphorus

ANyl
s “ilg g Les pH Ll 8 o5lae
Sy T T“*Cff Doy Dok (D)ot (1) ST > - pf ¢ (de ))
€0 . . 0 s/m
Item  Organic teyfture Clay Silt Sand Lime £( tract .
carbon Electrical
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Sl NIRRT
. 0.74 Lomy- 50 30 30 315 7.92 0.78
Value Clay
T osbe - & s BB jaed Ol B by
R e
o (mghke) mg/kg) (mgkg) mgkg) mgke) (mg/ke) (megfkg)
Item  QOrganic Available Absorbable
Zn Fe Mn Cu .
matter phosphorus potassium
Ol e
1.28 0.11 11 10.3 1.3 7.24 102
Value
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Table 3. Estimation of values of stress indices based on average yield of oilseed sunflower lines under optimal and deficiency conditions of absorbable phosphorus

TAPp %Em%oﬁ,>wm mamiwoﬁ.

Line ) ) Yp (gplant’) Vs (gplant’) TOL MP GMP STI ATI SSI DI HARM KSTI K, S KoSTI
1 88.80 37.40 31.44 9.67 2177 2056 1744 0.41 669.77 1.60 0.19 14.79 134 0.39
2 86.13 30.13 11.63 9.63 2.00 1063 1058 0.15 3735 0.40 0.52 10.54 0.18 039
3 118.4 33.80 57.77 5477 3.00 5627  56.25 427 297.75 0.12 337 56.23 451 12.62
4 56.93 19.60 29.43 11.87 1756 20.65  18.69 0.47 579.11 1.38 031 16.92 1.17 0.59
5 90.53 14.87 32.10 23.97 8.13 2804 2774 1.04 397.92 0.58 1.16 2745 1.39 242
6 27.67 9.13 19.23 8.23 1100 1373 1258 021 244.17 1.32 0.23 11.53 0.50 0.28
7 76.93 25.73 12.43 10.10 2.33 1127 1120 0.17 46.06 0.43 0.53 11.14 0.21 043
8 299.00 141.67 40.07 1447 2560 2727 2408 0.78 1087.67 147 0.34 2126 2.17 0.88
9 182.93 63.20 37.80 32.87 4.93 3534 3525 1.68 306.62 0.30 1.85 35.16 1.93 4.54
10 3573 19.07 4.97 2.23 2.74 3.60 333 0.01 16.10 127 0.06 3.08 0.03 0.02
11 259.17 23.13 46.10 24.17 2193 3514 3338 151 1291.64 1.10 0.82 3171 2.87 246
12 59.20 25.73 17.73 10.17 7.56 1395 1343 0.24 179.12 0.98 0.38 12.93 0.42 0.44
13 81.67 43.00 27.05 17.33 9.72 2219 21.65 0.63 371.33 0.83 0.72 21.13 0.99 1.26
14 128.20 65.53 31.70 18.13 1357 2492 2397 0.78 574.02 0.99 0.67 23.07 1.36 1.38
15 190.00 74.00 27.53 21.40 6.13 2447 2427 0.80 262.53 0.51 1.08 24.08 1.02 1.93
16 63.87 8.80 14.33 4.60 9.73 9.47 8.12 0.09 139.39 1.57 0.10 6.96 0.28 0.09
17 113.40 29.60 23.10 1593 7.17 1952 19.18 0.50 242.69 0.72 0.71 18.86 0.72 1.07
18 98.67 2320 22.53 13.57 8.96 1805  17.49 0.41 276.44 0.92 0.53 16.94 0.69 0.77
19 69.80 38.73 20.57 19.90 0.67 2024 2023 0.55 23.92 0.08 125 2023 0.57 1.67

20 196.07 80.53 29.77 10.97 1880 2037  18.07 0.44 599.47 1.46 0.26 16.03 1.20 051

21 57.07 17.80 17.67 15.07 2.60 1637 1632 0.36 74.86 0.34 0.83 16.27 0.42 0.96
22 194.60 100.07 76.10 21.63 5447 4887 4057 222 3899.36 1.65 0.40 33.69 782 197
23 21320 4487 27.30 22.07 523 2469 2455 0.1 226.52 044 1.16 2441 1.01 2.05
24 175.93 57.60 33,67 15.40 1827 2454 2277 0.70 734.07 125 0.46 21.13 1.53 1.00
25 165.33 2593 2743 16.37 1106 2190  21.19 0.61 41353 093 0.63 20.50 1.02 1.13
26 95.60 37.68 5420 35.10 1910 4465  43.62 2.57 1469.95 0.81 147 4261 3.97 5.18
27 40.40 20.63 17.67 11.67 6.00 1467 1436 0.28 152.03 0.78 0.50 14.06 0.42 0.57
28 140.73 47.07 11.57 8.97 2.60 1027 1019 0.14 46.74 0.52 045 10.11 0.18 034
29 7320 23.87 17.43 9.80 7.63 1362 13.07 023 175.95 1.01 0.36 12.55 041 0.40
31 67.73 28.53 23.87 12.90 1097 1839 1755 0.42 339.66 1.06 045 16.75 0.77 0.70
32 68.00 3027 18.67 12.70 597 1569 1540 0.32 162.20 0.74 0.56 15.12 047 0.68
33 62.87 3153 24.15 15.40 8.75 1978 1928 0.50 297.74 0.84 0.64 18.81 0.79 1.00
34 98.47 12.73 25.37 5.03 2034 1520 1130 0.17 405.42 1.85 0.06 8.40 0.87 0.11

35 4513 14.33 18.53 5.10 1343 1182 9.72 0.13 23036 1.67 0.09 8.00 0.46 0.11

36 57.67 25.80 18.67 6.40 1227 1254 1093 0.16 236.66 1.52 0.14 953 047 0.17
38 400.53 106.40 7223 5437 1786 6330  62.67 531 1974.85 0.57 2.65 62.04 7.05 12.43
39 67.60 16.40 34.40 16.50 1790 2545 2382 0.77 752.47 1.20 0.51 2230 1.60 1.15
40 176.93 4820 29.63 12.97 1666 2130  19.60 0.52 576.27 1.30 0.37 18.04 1.19 071

41 119.53 43.93 18.30 14.33 3.97 1632 1619 0.35 113.44 0.50 0.73 16.07 0.45 0.86
42 3277 2493 16.43 8.77 7.66 1260 12.00 0.19 162.24 1.08 0.30 11.44 0.36 032
43 75.40 3220 15.87 12.93 2.94 1440 1432 0.28 7431 0.43 0.68 14.25 0.34 0.70
44 87.20 2720 21.10 14.70 6.40 1790  17.61 0.42 198.88 0.70 0.66 17.33 0.60 0.91

45 62.07 21.53 25.60 13.90 1170 1975 1886 048 389.43 1.05 0.49 18.02 0.89 0.1

47 152.53 39.00 19.53 13.31 6.22 1642 1612 0.35 176.95 0.74 0.59 15.83 0.52 0.75
48 63.93 23.00 22.60 20.53 2.07 2157 21.54 0.63 78.67 0.21 1.21 21.52 0.69 1.77
49 88.67 31.07 2943 478 2465 1711 11.86 0.19 515.87 1.93 0.05 822 1.17 0.1

50 196.47 27.40 38.77 14.77 2400 2677 23.93 0.77 1013.36 1.43 0.36 2139 2.03 0.92
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Tabl 3. Continued ¥ J;u> sl

Line TAPp TAPs | = ¥p (gplant Ys . TOL MP GMP STI  ATI  SSI DI HARM kSTLKS KiSTI
(mg.pot’)  (mg.pot’) ) (g.plant”)
51 88.93 26.13 18.73 10.23 850 1448 1384 026 20761 105 036 1323 047 0.44
52 60.93 45.00 17.10 9.17 793 1304 1252 021 17521 107 032 1194 0.40 0.35
53 73.33 19.00 35.37 2727 810 3132 3106 130 44387 053 136  30.80 1.69 3.13
54 58.00 28.00 2117 12.17 900 1667 1605 035 25490 098 045 1546 0.61 0.62
55 242.40 82.40 15.87 13.03 284 1445 1438 028 7206 041 069 1431 0.34 0.71
56 38.53 15.87 16.37 9.83 654 1310 1269 022 14638 092 038 1228 0.36 0.41
57 157.53 45.93 5337 2340 2997 3839 3534 169 186878 130 0.67  32.54 3.85 2.30
58 192.87 30.87 32.00 1950 1250 2575 2498 084 55096 090 077 2423 1.38 1.60
59 78.40 39.00 27.70 1173 1597 1972 1803 044 50794 133 032 1648 1.04 0.58
60 349.80 132.20 2423 16.03 820 2013 1971 052 28515 078 069 1929 0.79 1.08
61 139.60 39.33 39.93 30.10 983 3502 3467 162 60131 057 147 3433 2.15 3.81
62 10237 44.00 36.57 3237 420 3447 3441 160 25498 027 186 3434 1.81 4.41
63 55.73 25.80 33.20 1770 1550 2545 2424 079 66298 108 061  23.09 1.49 132
64 44.40 24.80 12.27 6.77 550 952 911 011 8845 103 024 873 0.20 0.19
65 54.17 2033 9.17 6.03 314 760 744 007 4120 079 026  7.28 0.11 0.15
66 72.00 44.8 2957 26.90 267 2824 2820 107 13287 021 159 2817 1.18 3.04
67 39.87 15.47 14.43 13.10 133 1377 1375 026 3227 021 077 1373 0.28 0.72
68 75.20 25.53 16.70 1523 147 1597 1595 034 4137 020 090 1593 0.38 0.98
69 75.87 2620 28.63 8.70 1993 1867 1578 034 55500 161 017 1334 111 0.32
70 396.60 55.33 34.57 1790 1667 2624 2488 084 73169 LIl 060  23.59 161 135
71 228.53 58.40 31.67 25.53 614 2860 2843 109 30806 045 133 2827 135 2.74
72 39.33 12.40 1630 8.03 827 1217 1144 018 16694 117 026 1076 0.36 0.27
73 251.87 2833 23.90 14.83 907 1937 1883 048 30129 088 0.60 1830 0.77 0.93
74 55.00 24.40 35.63 2420 1143 2992 2936 116 59221 074 107 2882 171 2.46
75 60.87 24.53 29.70 243 2727 1607 850 0.0 40877 212 001 449 1.19 0.02
76 61.20 22.13 20.73 8.43 1230 1458 1322 024 28690 137 022 1199 0.58 0.30
77 51.87 15.67 20.63 13.97 666 1730 1698 039 19950 075 061  16.66 0.57 0.82
78 80.40 15.47 3033 1247 1786 2140 1945 051 61287 136 033  17.67 124 0.65
79 60.67 29.40 2230 823 1407 1527 1355 025 33633 146 020  12.02 0.67 0.28
80 45.40 19.67 19.17 420 1497 1169 897 0.1 23701 180 006 689 0.50 0.07
82 70.00 2427 15.20 8.07 713 1164 1108 017 13934 108 028 1054 0.31 0.27
83 44.00 18.07 2673 9.10 1763 1792 1560 033 48516 152 020  13.58 0.97 0.35
84 106.00 18.60 25.77 5.60 2017 1569 1201 019  427.54 181 008 920 0.90 0.13
85 58.83 29.93 13.40 4.70 870 905 794 009 1218 150 011 696 0.24 0.09
86 78.60 27.07 83.80 2023 6357 5202 4117 229 461835 175 032 32.59 9.49 1.72
88 88.23 24.67 15.73 10.27 546 13.00 1271 022 12245 080 043 1243 0.33 0.44
89 99.00 14.27 18.13 6.53 1160 1233 1088 0.6 22270 148 015  9.60 0.44 0.18
90 119.87 25.40 34.40 25.93 847 3017 2987 121 44635 057 127  29.57 1.60 2.83
91 75.73 37.20 31.67 1443 1724 2305 2138 062 65029 126 043  19.83 1.35 0.88

08 oA
2 e slaad

L
AF/A S gl gcjéjdj\ d.,aj}a EE) LsL'*“j’

23S

L

S

o 9

oS g 4 4

WSl b Las

Q‘}f %)

3

Sl LA 5yl

b g o N

Jib IS

v\.«i’&%v\"

L@J\J&:J‘ga

“

S

4.;9-;3' ‘) Lhob‘.ﬁo.ﬁ.ﬁﬁy Q‘J:.::GJ‘ Loy

Losls S Ool,uds 51 Ao ys P¥/Y s5u> &S

'Jﬁw;

) a3 8 sl
L;Lha_gjf BERTYN

Q_QL@ 2 (\

@6\)‘360)}{ Jol i e & by e

Ml

Lo

Jl2

. oa

STI (GMP (MP (Ys Yp \a ‘5_{‘}1\: 9

1



92 32.60 9.60 10.20 5.60 4.60 7.90 7.56 0.08 61.34 1.04 0.20 7.23 0.14 0.13
93 87.27 18.6 29.87 10.27 19.60  20.07 17.51 0.41 605.72 151 023 15.28 1.21 0.44
94 121.93 44.00 70.60 34.73 3587 52,67 4952 3.3l 3134.01 .17 1.11 46.56 6.73 5.07
95 36.53 21.53 70.67 25.77 4490 4822  42.68 246 338093 147  0.61 37.77 6.75 2.79
96 59.53 19.13 16.00 6.30 9.70 11.15 10.04 0.14 171.84 1.40 0.16 9.04 0.35 0.17
97 85.60 24.00 30.57 20.07 10.50 2532 2477 0.83 45891 0.79  0.85 24.23 1.26 1.69
98 92.13 26.87 22.17 9.40 12.77 15.79 1444  0.28 325.28 133 0.26 13.20 0.66 0.37
99 77.67 37.13 12.00 6.83 5.17 9.42 9.05 0.11 82.59 099 0.25 8.71 0.19 0.20
100 36.73 17.13 9.70 8.87 0.83 9.29 9.28 0.12 13.58 020 0.53 9.27 0.13 0.33
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TAPp: Total absorbed phosphorus under non-stress condition; TAPs: Total absorbed phosphorus under stress condition; Yp: Non-stress yield; Ys: Stress yield;

TOL: Tolerance index; MP: Mean productivity; GMP: Geometric mean productivity; STI: Stress tolerance index; ATI: Abiotic tolerance index; SSI: Stress susceptibility
index; DI: Drought index; HARM: Harmonic mean; k;STI_K;S and K,STI: Modified stress tolerance indices.
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Table 4. Correlation coefficients between yield and stress tolerance indices under optimal and deficiency conditions of absorbable phosphorus in 95 oilseed

sunflower lines

TAPp TAPs YP YS TOL MP GMP STI ATI SSI DI  HARM kSTI K;S
TAPs 0.755"

Yp 0383 0.354"™

YS 0.430" 0358  0.714"

TOL 0.158™  0.181™ 0.776" 0.112™

MP 0432 0382  0.956™ 08877 0.558"

GMP 0.448™ 0386  0.9017 0.944™ 0.429" 0.988"

STI 0.409™ 0356  0.8617 09157 0398 0.949™ 0.960"

ATI 0.229" 0262  0.890 0398 09057 0.752" 0.6617 0.642"

SSI 20.112™  -0.113™  0.149" -0.496" 0.659 -0.109™ -0.234" -0.195" 0.325"

DI 0.339™ 02817  0.448™ 0.934™ -0206" 0.685" 0.772" 0765 0.089™ -0.694"

HARM 0453 03817  0.839™ 0976 0312”7 0960 0992 0.952" 0.570™ -0.336" 0.835"
kSTI_K;S 0.309™ 03207 0.962" 0.642” 0.788" 0.901" 0.838" 0.847" 09457 0.145™ 0.382" 0.770"

K,STI 03827 0312 0.649™ 0939”7 0.075™ 0.819™ 0.870" 0.932" 03277 -0.390" 0.908" 0900" 06117

ns, *, **: Not significan and significan at the 5% and 1% probability levels, respectively.
GMP ¢ 550,60 Sobe MP ¢ Joss astls TOL ¢ 25 bl 3 55 5 Shas 1YS ¢ 25 0oty Ll 5 55 5, Sas 1YP ¢ 25 bl 3 53 o woder JS7 i TTAPS ¢ 25 0 bl 3 53 ot e JS a3 TAPD
s e Sl oSl HARM ¢ Sis 25 4 Joow Lasls DI ¢ 5 6 Gl 0518 1SST ¢ s 8 (6o guaS & Josws Lo ls AT ¢ 25 & Joss Lo ls ST s 50, owtin Kl
ol i 55 4 e 6 el KGSTI , KISTI_K1S

TAPp: Total absorbed phosphorus under non-stress condition; TAPs: Total absorbed phosphorus under stress condition; Yp: Non-stress Yield; Ys: Stress Yield,
TOL: Tolerance index; MP: Mean Productivity; GMP: Geometric Mean Productivity; STI: Stress Tolerance Index; ATI: Abiotic Tolerance Index; SSI: Stress
Susceptibility Index; DI: Drought Index; HARM: Harmonic mean; KISTI K1S and K2STI: Modified Stress Tolerance indices.
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Figure 2. Dendrogram obtained from grouping 95 oilseed sunflower lines based on yield performance under optimal (Yp) and deficiency of
phosphorus (Ys)
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Introduction:

Phosphorus is one of the essential elements in plants. In calcareous soils, the
amount of available phosphorus is very low due to high pH, excessive levels of
calcium carbonate, lack of organic matters, and also the insolubility of phosphate
minerals under such conditions. Since a large amount of phosphorus fertilizer is
constantly applied to the calcareous soils of Iran, identification of genotypes with
efficient phosphorus uptake may help farmers to manage the application of chemical
fertilizers. Phosphorus uptake efficient genotypes can be identified using different
indices including tolerance index (TOL), mean productivity (MP), geometric
mean productivity (GMP), stress tolerance index (STI; Fernandez, 1992), abiotic
tolerance index (ATI; Moosavi et al., 2008), stress susceptibility index (SSI),
drought index (DI), harmonic mean (HARM) and modified stress tolerance indices
(kiSTI_KS and K STI; Naderi et al., 2008). This study was conducted to screen

tolerant oilseed sunflower pure lines for phosphorus deficiency stress with higher
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and efficient phosphorus uptake to develop an improved genetic population for
farmers’ usage.

Materials & Methods:

Ninety-five oilseed sunflower pure lines were evaluated using a randomized
complete block design with three replications under both optimal and deficiency
conditions of absorbable phosphorus at the Urmia University research field during
the 2015-2016 cropping season. This experiment was conducted in 15 kg plastic
pots. Soil phosphorus concentration in phosphorus deficiency treatment was 7.240
mg.kg!, while under optimal condition, 0.4 g.kg' of triple superphosphate were
added. Tolerance indices were calculated for the sunflower lines based on the
grain yield under optimal and deficiency conditions of absorbable phosphorus. In
order to find suitable indices for screening the tolerant lines, a simple correlation
coefficient was performed between the calculated tolerance indices and grain yield
under optimal and deficiency conditions of phosphorus. Principal components
analysis (PCA) and cluster analysis were performed to evaluate the relationship
between the tolerance indices and the studied genotypes and to select the most
desirable and tolerant lines.

Results & Discussion:

The results illustrated that phosphorus deficiency reduced the grain yield of all
genotypes. The mean grain yield was 44.88% lower under phosphorus deficiency
conditions than that of optimal conditions, indicating the importance of phosphorus
on sunflower grain yield. The result of correlation analysis revealed a highly
significant correlation between HARM, MP, GMP, STI indices and grain yield
under optimal and deficiency conditions of phosphorus. Therefore, these indices
could be considered as the most suitable indices for screening tolerant lines to
phosphorus deficiency conditions which also showed higher grain yield under
optimal and deficiency conditions of phosphorus. Principal component analysis
(PCA) showed that the first three components accounted for 94.5% of the total
variation where PC1 explained 63.1%, PC2 21.6% and PC3 9.8% of the total
variation. The heatmap hierarchical clustering results indicated that all the lines

were grouped into three major clusters, with cluster 1 (6 lines) being, in general,
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drought-tolerant followed by cluster 2 (29 lines), whereas cluster 3 (60 lines)
included drought-sensitive lines. The results of principal component and cluster
analysis based on stress tolerance indices indicated that the lines 38, 94, and 95
not only had higher tolerance indices but also they produced relatively high grain
yield and had higher total phosphorus absorption values under both optimal and
deficiency conditions of phosphorus, which indicated their uptake efficiency and
efficient use of soil phosphorus. The results obtained from all the applied methods
revealed that the lines 38 (Yp=72.23; Ys=54.37; TAPp=400.53; TAPs=106.40), 94
(Yp=70.60; Ys=34.73; TAPp=121.93; TAPs=44.00), and 95 (Yp=70.67; Ys=25.77;
TAPp=36.53; TAPs=21.53) are the most desirable and tolerant ones. Therefore,
these lines can be used in breeding programs to introduce new phosphorus efficient
varieties with high grain yield.

Keywords: Grain yield, Phosphorus-efficient, Tolerance indices.
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