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Table 1. Estimation of tolerance indices for grgild of 11 wheat cultivars under non-stress amlight stress conditions

Genotype Characteristic Yp Ys SSI STI TOL DI MP GMP HM KSTI K2STI
AFtab THELIN/3/BABAX/LR42//BABAX/4/BABAX/LRAZIBABAX 5098 2573 1547 1.164 2524.81 0569 383521 3621.3419.67 2.684 1.479
Azar2 Kvz/YM71/3/Maya"S"//Bb/lina//Sardari 4025 250 1.181 0.894 152129 0682 3263.95 3174.08 3086.4%85 1.076
Auhadi Line Gene Bank 14 (KC- 2758) 3099 1847 1.26D.508 1252.68 0482 2472.97 2392.33 231433 0.438333
Baran PTZ NISKA/UT1556-170//UNKNOWN TCI97AP 3450 3W 1278 0624 141191 0527 274355 265117 25610659 0.497

Chamran2 Attila 50y//Attila/Bacanora 2076 1219  1.290.225 857.31 0314 1647.82 1591.09 153631 0.0860640

Cross Rasad Rasad// Shahi/PrL"S” 2903 2455 0.4826330. 448 091 2679.09 2669.71 2660.36 0473 0.732
Ghabus ~ KAUZPASTORIBAVO2IRAYON CMSSO0OM02400S-030M- 177 5699 1241 1072 177831 0713 3587.75 3475.8267.39 1.907 1.499

030WGY-030M-9M-0Y
HAMAM-4.T.AEST/SPRW'S'

Karim /ICAB8055/3/BACANORABGICW92-0477-1AP-1AP-4AP-1AP- 3531 2864 0.59 0.898 667.41 1.018 3197.70 3180.2462.87 0.993 1.414
O0AP
Kohdasht 29R-1R-1R-6R-OR-Tr 8010200 2254 2538 €©.390.508 -284.02 1.252 2395.78 239157 2387.36 0.270628
Pougari Local Genotype 3669 3175 0.42 1.034  493.73.204 3422.07 3413.16 3404.26 1.235 2.001
Sardari Old Cultivar 2343 1193 1533 0.248 1150.28.266 1767.81 1671.64 1580.69 0.121 0.068

Yp, yield under non-stress conditions,Yyield under drought condition; SSI, stress susbiify index; STI, stress tolerance index; Tabl@rance index; DI, drought resistance index; Meam
productivity; GMP, geometric mean productivity; Helarmonic mean; i6TI, modified stress tolerance index.
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Table 2. Correlation coefficients among toleramzides in the 11 studied wheat varieties

index Ye Ys SSi STI TOL DI MP GMP HM KSTI
Ys 0.61
SSli 0.34¢ -0.51
STI 0.9 0.86" -0.02¢
TOL 0.74° -0.08¢ 0.86" 0.43
DI 0.08 0.83" -0.90" 0.44s -0.60
MP 0.93 0.85" -0.01s  0.99° 048 043s
GMP 0.90" 0.89" -0.08% 0.99° 038 049 1.00°
HM 0.87" 0.97 -0.13¢ 099" 031 053 0.99° 1.00
KiSTI  0.97 0.59 0.28s  0.91" 0.71 0.11s 091" 0.877 0.83
K.STI  0.75 0.91" -0.22s 094" 017 062 091" 093 094 0.77

s " and™: Not-significant and significant at 5% and 1% pablity levels, respectively.
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Table 3. Relationships between tolerance indicdssdreat grain yield under non-stress conditions (Y

Confidence interval

Index R' R2 R2 Bias St:rr;g?'d Method 1 Method 2 Method 3
Lower Upper Lower Upper Lower Upper
SSI 0.34 0.112 0.188 0.076 0.198 -0.276 0.501 0.000.759 0.000 0.678
STI 0.92 0.850 0.847 -0.002 0.073 0.706 0.994 0.664).956 0.603 0.940
TOL 0.74 0.548 0.533 -0.015 0.218 0.121 0.976 0.043.904 0.033 0.868
DI 0.08 0.007 0.127 0.120 0.161 -0.309 0.322 0.00.591 0.000 0.078
MP 0.93 0.874 0.876 0.002 0.056 0.763 0.984 0.742.9630 0.666 0.950
GMP 0.90 0.816 0.822 0.006 0.071 0.676 0.956 0.659.940 0.596 0.917
HM 0.87 0.749 0.760 0.010 0.088 0.576 0.922 0.566 .91 0.481 0.893
K41STI 0.97 0.933 0.933 0.000 0.033 0.867 0.998 0.852.980 0.815 0.974
K2STI 0.75 0.568 0.596 0.028 0.149 0.276 0.861 0.29@.885 0.222 0.821

T R, R and Iflzare correlation coefficient, coefficient of detenaion and stimated coefficient of determinatimtweer

tolerance indices and grain yield, respectively.

™ Methods 1, 2 and 3 are normal distribution confizkeinterval, percentile confidence interval arasborrectedanfidence

interval, respectively.

(Ys) (Sid o byl i o pasd ails o,Sles g 5 4y Jooo slo s lis o Lo )| - Jgax
Table 4. Relationships between tolerance indicdsareat grain yield under drought stress condit{dy

Confidence interval

Index R' R2 R2 Bias St:rr;g?'d Method 1 Method 2 Method 3
Lower Upper Lower Upper Lower Upper
Yp 0.61 0.369 0.382 0.013 0.196 -0.016 0.753 0.026 773. 0.019 0.757
SSi -0.51 0.265 0.310 0.046 0.175 -0.079 0.608 9.020.718 0.021 0.677
STI 0.86 0.736 0.718 -0.018 0.161 0.420 1.051 0.264.944 0.247 0.941
TOL -0.08 0.007 0.065 0.058 0.095 -0.179 0.193 ©®.00 0.340 0.000 0.070
DI 0.83 0.695 0.689 -0.005 0.163 0.374 1.015 0.3010.931 0.253 0.916
MP 0.85 0.722 0.699 -0.023 0.174 0.382 1.063 0.193.933 0.174 0.928
GMP 0.89 0.790 0.761 -0.028 0.158 0.480 1.099 0.273.952 0.249 0.950
HM 0.93 0.848 0.818 -0.030 0.138 0.577 1.119 0.379.968 0.359 0.966
K1STI 0.60 0.354 0.399 0.045 0.174 0.013 0.695 0.08®.779 0.034 0.691
KoSTI 0.91 0.834 0.827 -0.007 0.089 0.660 1.008 0.613.951 0.598 0.949

i R, Rand Iiz are correlation coefficient, coefficient of detenaion and stimated coefficient of determinatioteen

tolerance indices and grain yield, respectively.

™ Methods 1, 2 and 3 are normal distribution confimeinterval, percentile confidence interval arasbiorrected

confidence interval, respectively.
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SAS ,I38lp 5 35 R? ylsebl 3gus 3551y cgr o yiwlgy doli 3 g L a5 L dulno 4ol y
SAS programs to evaluate tolerance indices and battap for R? confidence limits

data A
input gen$ rep yp ys
datalines;

Data is intered here

proc sort data = baot

by gen rep

proc means noprint data = bpot
var ys yp

by gen

output out = boot2 mean =ys ;yp
run,

proc means noprint data = bpot
var ys yp

output out = boot3 mean = mys myp
run,

data new

if n =1 then set boot3; set bqot2
by gen

drop _type freq_;

si = 1-(mys/myp)

ssi = (1-(yslyp))/si; trsss tolerance index

tol = yp-ys; *tolerance

mp = (ys+yp)/2; *areproductivity

gmp = (yp*ys)**0.5; *geonnet mean productivity
sti = (yp*ys)/((myp)**2); *stredslerance index

hm = (2*ys*yp)/(ys+yp); *harmonic mean

di = ys*((ys/yp)/mys); *droligresistance index

k1l = yp**2/myp**2;
k2 = ys**2/mys**2,

klsti = k1*stt

k2sti = k2*stt

rdi = (ys/yp)/(mys/myp); *relativrought index

sspi = ((yp-ys)/(2*myp))*100; *stress suptbility percentage index
sdi = (yp-ys)/lyp; fegtivity drought index

yi = ys/mys; yiéld index

ysi = yslyp: *yield stability index

rur

proc print data = new

rur

proc corr data = new

var ys yp ssi sti tol di mp gmp hm klkHstt
rur

%let ind =ys

%let dep =ssi

ods output fitstatistics =10

proc reg data = hew

model &dep = &ind

run;

quit;

70
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data _null_;
set tQ
if label2 = "r-square" then
call symput(‘r2bar’, cvalue2)
run;
%let rep = 1000
proc surveyselect data = new out = bootsample
seed = 1344 method = urs
samprate =1 outhits rep = &tep
run,
ods listing close;

ods output fitstatistics = t (where = (label2'=square™))
proc reg data = bootsample
by replicate
model &dep = &ind
run
quit,

* converting character type to numeric type
data t1
set t
r2 =cvalue2 + 0
run,
%let alphalev =0.05
ods listing
proc sqi
select &r2bar as r2,
mean(r2) - &r2bar as bias,
std(r2) as std_err,
&r2bar - tinv(1-&alphalev/2, &rep-1)*std(r2) akb,
&2bar + tinv(1-&alphalev/2, &rep-1)*std(r2) asbh
From t1
quit;
%let alphalev =0.05
%let al = %sysevalf(&alphalev/2*1Q0)
%let a2 = %sysevalf((1 - &alphalev/2)*100)

*creating confidence interval, percentile nueth
proc univariate data =t1 alpha =Q.05
var r2

output out = pmethod mean = r2hat pctlpts = &2 pctlpre = p pctlname = _Ib _;ub

run;
data t2

set pmethad

bias = r2hat - &r2bar

r2 = &r2bar
rur
ods listing

proc print data =t2 noobs;

var r2 bias r2hat p_Ib p_ub;

run;

%let alphalev = 0.05;

%let alphal = %sysevalf(1 - &alphalev/2);
proc sql;

select sum(r2<=&r2bar)/count(r2) into :zObar

t55
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from t1
quit
data _null

z0 = probit(&z0bar)
zalpha = probit(&alphal)
pl = put(probnorm(2*z0 - zalpha)*100, 3.0)
p2 = put(probnorm(2*z0 + zalpha)*100, 3.0)
output
call symput('al’, pi)
call symput(‘a2', p2)
run;

*creating confidence interval, bias-correcteethod

proc univariate data =t1 alpha = 0.05;

var r2;

output out = pmethod mean =r2hat pctlpts = &2 pctlpre = p pctiname = _Ib _ub;
run;
data t3;

set pmethod;

bias = r2hat - &r2bar;

r2 = &r2bar;
run;
ods listing;

proc print data =t3 noobs;
var r2 bias p_Ib p_ub;
run;
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Abstract

The use of stress tolerance indexes is one of & promising methods for selection of stress
tolerant genotypes among researchers. In this nggehl bread wheat cultivars were evaluated in a
randomized complete block design with three refibos under two non-stress and drought stress
conditions at research field of Faculty of Agricu#, Lorestan University, Khorramabad, Iran, with
warm and dry climate, in 2016-2017 crop season,diffierent stress tolerance indices were used to
evaluate drought tolerance of the studied cultivalso, coefficient of determination ¢{Rsquare of the
correlation coefficient) between the indices andirgyield under two non-stress and drought stress
conditions was used to determine the best indindsRasquare confidence intervals of the tolerance
indices related to grain yield under non-stress dralight stress conditions were estimated using
bootstrap method. The results showed that the imeddiftress tolerance index under non-stress
conditions (KSTI), geometric mean productivity (GMP) and measdpictivity (MP) were the specific
indices for non-stress conditions and the modisieess tolerance index under drought stress conditi
(K2STI) and drought index (DI) were the specific irelidor drought stress conditions. Harmonic mean
(HM) index had also a relatively stable correlatisith grain yield under both non-stressp(¥and
drought stress (§ conditions. Finally, according to all specificckageneral indices, Aftab was the best
cultivar under non-stress conditions and Pougasi idantified as the most tolerant cultivar for dybt
stress conditions.
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