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Fig. 1. Ambrothermic graph of Khodabandeh rainfed station in 2017-2018 crop season P:
Percipitation T: Temprature
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Table 3. Tolerance and sensitivity indices used to select wheat lines tolerant to drought stress
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Table 4. Variance analysis of experimental factors on grain yield of lines
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Fig. 2. Graphical representation of phenotypic variation in studied traits of 144 different genotypes.
TEM: canopy temperature; A: photosynthesis; T: transpiration; Ci: concentration of carbon dioxide
under stomata; SC: stomatal conductance; MC: mesophyll conductance; SPAD: chlorophyll index;
DHE: number of days until spike emergence; DMA: number of days until handling; PLH: plant
height; TGW: thousand grain weight; YLD: Seed yield In this figure, the numerical values of
different traits of each line and control cultivars are shown in color. With a general look at each of

the traits, it is possible to see the existing phenotypic diversity.
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Table 6. Correlation coefficients of seed yield and tolerance and sensitivity indices

YP YS RSI2  K2MSTI  SRI SS12. KIMSTI DI Yl YSI RR ATI TOL MP STI GMP SSPI RSI HM SSI SNPI PRR
1.0 .99** 53** .36%* 51%* 0.02 .35%* S51%*  B5** - -0.02 0.02 ATF% B3**  B6**  A8**  56*F*  53*F* -0.03 .56%* 0.03 A4F* 0.02
1.00 .42** 33** S51**  -0.09 31 S1** B3** 0.09 -0.09 A0** 42%%  BAF* A5FF B4AR* A% 0.08 54** - -0.09 A48** -0.09
1.00 .66** 56**  .39%* 710** S5**  g8**  -39**  39%*  o1**  1.0%* 75 74%* 74 1.0 -40* 73 39%F 410 39**

1.00 89 - 25%* .99%* 89*F*  91**  25%*  _2G6**  BO*¥*  G6**  92**  97FF  Q2**  66** 24%* 92%%  -26%*%  80**  -25**

1.00 -.48** .88** 1.00*%*  .99**  48**  -48**  8I1** Be**  97** 95  Qg7** 56 AT O7F* - 48**  96%*F  -.48%*

1.00 -.20* -A48%*  -35%F  -1.0** Q9% 0.02  .39*%* -26%* -256** .28*%*  39*  -99*  -30** 99** -63** 1.00**

1.00 87*F% 90** .20* -21* 92%% 71 91FF 97 Q1F* 71%* 19* O1*F*  -21*  78** -.20*

1.00 99%*F  A8** - 49%%  80**  G5** g7 95k g7x*  BEE ATH* O7F% - 49%F  96**  -.480**

1.00 35*%*%  -36%*  .88**  .68**  99**  98**  99**  G8** 34%* Q9% -36%*  91**  -35**

1.00 -99**  -0.02 -39** 26%*  26%* @ 28*%* -39** = QQ** 209%%  -99%F - 64**  -1.00**

1.00 0.02  .39*%* -27*%% -256%*  .28%*  39**  -Q9**  -30** 1.0** -64**  99**

1.00 .91%*  92**  94** = Q2**  QI** -0.03 91%* 0.02 70** 0.02

1.00 J5F% 74 74 1.0%% -400%* 73%F 39**  41%* .39%*

1.00 Q9% 1.0**  75%* 26%* 1.0%*  -27%*  89**  -26**

1.00 99%F*  74%* 24%* 99F*F - 26%*F  86**  -.25%*

1.00 4% 2T** 1.0%*  -28**  89**  -28**

1.00 -A40** 73R 39%F AR .39%*

1.00 28%%  -99*FF  B63*F* - 99**

1.00  -30** .90**  -29*%*

1.00  -.64**  .99*%*

1.00 -.64**

1.00
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Table 7. The results of principal components analysis for drought tolerance indices

Principal component Lol 4 ;s PC1 PC 2
Eigenvalue «asie <2, 13.0298 7.06785
% Variance _.L,ls 4o)s 59.226 32.127
Cumulative Variance _sexs .b,ls 59.226 91.353
oS s e PC 1 PC 2
Principal component for Yield and indexes
YP 0.15517 0.099749
YS 0.15169 0.05142
RSI 0.1876 0.26726
K2MSTI 0.25571 0.033934
SRI 0.27216 -0.04962
SSI2 -0.10495 0.34693
K1IMSTI 0.25388 0.053707
DI 0.27216 -0.04962
Yl 0.27553 0.004904
YSI 0.10495 -3.47E-01
RR -0.10495 0.34693
ATI 0.24674 0.148
TOL 0.1876 2.67E-01
MP 0.27432 0.041147
STI 0.27188 0.044945
GMP 0.27463 0.03625
SSPI 0.1876 0.26726
RSI 0.10495 -0.34693
HM 0.27488 0.031464
SSi -0.10495 0.34693
SNPI 0.2575 -0.11848
PRR -0.10495 0.34693
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Fig. 2. Diagram of components and eigenvalues
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Fig. 3. Correlation of the first (right) and second (left) components with the calculated indices
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Table 8. The values of the first and second components for the lines

line PC1 PC2 line PC1 PC2 line PC1 PC2
1 0.26997 -1.8404 49 -2.4248 0.56502 97 3.7783 -1.1853
2 -3.0063 -2.325 50 -4.5147 2.2916 98 4.7147 -1.3975
3 -0.10496 -2.9873 51 -2.883 -1.5054 99 1.2406 -1.1969
4 -1.6694 -0.6815 52 0.032962 -1.5798 100 6.1714 -0.11764
5 4.7552 -4.5659 53 1.332 0.94061 101 3.9807 0.53742
6 -5.7067 -1.1605 54 -0.84797 -1.7645 102 7.3314 2.3992
7 2.7576 -0.16932 55 0.81089 2.2573 103 5.745 -0.61149
8 -1.0377 0.86779 56 -2.9209 -1.553 104 3.7319 -0.9037
9 -3.4886 -0.41792 57 -5.1804 -0.60708 105 -1.2007 -1.1348
10 0.77502 -1.241 58 -1.9717 -1.3277 106 0.90437 -1.0116
11 -1.4062 -1.3883 59 1.3096 15 107 -1.099 -1.1971
12 -0.19308  -0.72981 60 -2.4504 3.246 108 -1.3108 -1.2296
13 2.7975 -1.1147 61 -1.9466 4.4704 109 -1.5878 -0.88321
14 -2.035 -0.07152 62 -1.2907 2.3939 110 -1.784 -0.85793
15 -5.0296 -1.8645 63 -0.30619  -0.46343 111 -1.0223 -1.0747
16 -6.0441 -4,1191 64 3.2864 5.9582 112 -2.7583 4.6328
17 -4.0152 -0.90843 65 2.3433 -0.11246 113 -0.49492 -0.8519
18 -7.9119 3.2391 66 3.4751 -0.94224 114 5.7336 1.3443
19 -6.1011 1.3677 67 0.16107 -1.872 115 3.5468 -1.4289
20 -2.3417 -0.42432 68 -1.0466 5.8391 116 49778 2.4809
21 -2.1557 -3.0818 69 2.3606 -1.6406 117 7.388 -0.51795
22 -7.0585 11.393 70 -3.4041 5.9486 118 5.1189 2.6976
23 -3.3712 1.6715 71 -2.7994 -2.1044 119 2.1473 3.7265
24 1.9351 -1.5379 72 -3.0861 3.942 120 -3.3414 3.6881
25 -4.1006 4.6661 73 -3.0103 -2.3066 121 -1.6138 -1.7201
26 -1.9134 0.15195 74 -2.7117 2.0945 122 0.77056 -1.9927
27 -3.1406 4.8257 75 -1.7753 -1.5499 123 -1.5589 -1.4101
28 0.09451 -5.4712 76 -2.1136 -1.7179 124 2.6531 -1.661
29 1.26 -0.34328 77 -0.69651  -0.49854 125 5.8942 -1.8052
30 -1.0945 -0.04864 78 -0.04461 -1.5956 126 3.594 -2.1459
31 -1.2307 -0.1383 79 10.609 3.1596 127 2.1669 -2.6707
32 -2.546 -0.48641 80 -0.75406 -0.68467 128 5.5319 2.546
33 -5.4253 -1.2122 81 -1.9577 -0.08186 129 3.1328 -2.3048
34 -2.82 -1.0826 82 0.11758 10.381 130 2.1047 2.7167
35 -4.1004 -0.2185 83 0.54366 2.175 131 8.6484 3.3958
36 -1.734 -1.6059 84 0.83529 -0.31302 132 6.0652 6.1686
37 -5.1919 -1.6361 85 2.8753 -0.26189 133 2.7546 2.1036
38 -4.4737 -0.77028 86 -0.26011 0.22743 134 2.641 -2.6134
39 -3.3177 -1.6096 87 -0.34184 -1.1978 135 1.1659 -2.0767
40 -4.2668 -1.2968 88 -3.4707 -1.1976 136 -1.0759 -2.9949
41 -1.908 -1.4006 89 0.41247 2.844 137 4.3148 -2.4149
42 -1.7761 -0.40646 90 8.7657 3.4956 138 5.4435 0.96585
43 -2.3997 2.3817 91 2.6196 -1.1507 139 3.7524 -2.0671
44 3.8469 3.2012 92 2.7024 2.872 140 7.7033 -3.0498
45 0.57382 -1.9109 93 3.5952 2.3411 141 2.6942 -2.6169
46 -6.7192 2.3372 94 0.039426 -4.0318 142 -1.7938 -2.5847
a7 -2.2795 -4.676 95 -5.666 0.05264 143 5.4382 -2.4472
48 -3.1451 0.96609 96 -3.56413 -1.355 144 0.045722 -2.9328
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Fig. 4. Biplot lines based on the first and second components using indices

STl Lazls o (YS) s cow 0,Sles ((YP) Jouils o, Sloe wlul 5 slocpn¥ (gomaw loges -0 JSo
Figure 5. 3D graph of lines based on YP, YS and STI index

&b og, 5l S o s s glp 0 S
u“SJ'U Sl Cu o Aad el 09,5 )LQP
39 o cxe Hhs oads Sl b aw gl
b}:' J—~0)b RA//\ 6;}3{03;&.@@5(‘/000\)

¢ JSs)

VO

YNV FY (ladss w58 gy (e oS Sl
Soas s lal p (wilil Alols sl
sl bulpd 90,0 il o Sles 5 Stz 4y Joos
g ad oolaiwl SudeS Soad oyl @0
VY o —o L Paired group (UPGMA) s,
ward’s 4 single linkage sl o, & Co—us

ol Ve g /¥ col,—5 L oS 5 4 method



Canonical Discriminant Functions
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EXTENDED ABSTRACT

Abstract

Introduction: As one of the most important plants of the cereal family, wheat plays a very important role in world
food security. The problem of food security in the world is facing a serious challenge due to severe climate changes
and a lack of supplementary irrigation resources. Understanding the responses of plants to drought is the main
part of the development of stress-resistant cultivars. The relative performance of genotypes under drought stress
conditions and optimal conditions is one of the necessary and preliminary points in choosing the optimal
genotypes for dry conditions. This study was conducted with the aim of identifying the relationships between
indicators and determining the best indicators of drought tolerance, as well as selecting the best wheat lines
suitable for cold and rainy regions for future breeding programs.

Materials and Methods: In order to identify the relationships between drought tolerance indices and determine
the best index as well as select the best lines for future breeding programs, 144 wheat lines in the form of Alpha
Lattice design in two replications and in two conditions of rain and supplementary irrigation in The rain research
station of Zanjan Agricultural Research Center were investigated. Different tolerance and sensitivity indices
including relative stress index (RSI), stress sensitivity index (SSI), stress resistance index (SRI), performance
index (Y1), performance stability index (YSI), relative reduction index (RR), Abiotic Stress Index (ATI),
Tolerance Index (TOL), Mean Production Index (MP), Stress Tolerance Index (STI), Geometric Mean
Productivity (GMP), Stress Sensitivity Percentage Index (SSPI), Harmonic Mean (HM) ), the index of product of
stress and non-stress environment (SNPI) and yield loss ratio (PRR) were calculated.

Research finding: The results of combined variance analysis showed that the effect of wet and rainy environment
on the performance of lines was significant at the level of 1%. Also, the lines showed a significant difference in
grain yield at the level of 1%. Drought stress decreased the grain yield of most lines in dry conditions. Line 82
had the highest yield in potential (2876 kg/ha) and rainfed (2000 kg/ha) conditions. Line 21 also had the lowest
performance in two conditions (rainfed 825 and supplementary irrigation 1113 kg/ha respectively). Correlation
results showed that grain yield in supplementary irrigation conditions had a positive and significant correlation
with MP (0.56), GMP (0.56), HM (0.56), Y1 (0.55) and TOL (0.56) indicators. had 0.53). In the conditions of
stress, MP (0.54), GMP (0.54), HM (0.54), and Y1 (0.53) indicators had the highest correlation with performance.
Based on the first two selected components resulting from the decomposition into main components, which
justified 91.35% of the changes, lines 90 and 102 were selected, which were also confirmed based on the three-
dimensional diagram. The results of the cluster analysis of the lines also placed them in four groups, and lines
such as 90, 131, 102 and 132 were also included in the group with high performance in both conditions. According
to the results of this study, it is suggested to use the indicators of stress resistance, harmonic mean, geometric
mean, and performance stability, which have the most significant positive correlation with performance in wet
and dry conditions, in the selection of lines; Also, screening should be done based on the results of analysis into
principal components and biplot and clustering using several indicators.

Keywords: Clustering; Drought stress; Principal components; Sensitivity indices
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