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Bread wheat the Hayman genetic analysis for Yp, Ys and drought tolerance indices showed significant effects in
many indices. Gent effect estimations revealed the significant role of additive genetic component
(D) for the inheritance of Ys, MP, GMP, Y1, STI and SSI. The relative magnitude of dominant
component (H,) was higher as compared to additive component (D) in most indices. The
average degree of dominance (/H, /D ) has been >1 for all indices indicates that these indices

were controlled by the over-dominance of genes and ample scope for heterosis breeding. The ratio
of the symmetry of the frequency of dominant and recessive alleles in all gene location controlling
indices (H2/4H;) is less than 0.25 for all indices except TOL. All indices have shown above unity
value for the proportion of dominant and recessive genes among the parents (KD/KR). The narrow
sense heritability Hns. was high for all indices, indicating that selection for improvement of these
indices would be effective.
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Introduction

Wheat is the most important grain crop in lIraqg; it is
mainly grown on rainfall especially in northern part,
therefore, drought can be considered as one of the
most important abiotic stresses, causes a reduction
in grain yield. So, the improvement of grain yield
for drought tolerance is a major purpose in breeding
programs under rainfall conditions. It’s possible
to overcome this problem by developing drought
tolerant varieties. Genetic analysis of wheat yield
has shown that grain yield is a complex character of
varying morphological and physiological traits
imposed by their genetic contribute (Farshadfar et
al., 2013). More information about physiological
traits as the most attractive way to develop new
genotypes and the gene effects controlling the
highly related traits to drought tolerance makes
breeding programs for drought tolerance much more
effective (Araus et al., 2008).

Various quantitative criteria have been proposed for
selection of genotypes based on their vyield
performance in stress and non-stress conditions
(Taghian and Abo-Elwafa, 2003). These parameters
such as, Mean Productivity (MP), Geometric Mean
Productivity (GMP), Yield Index (Y1), Yield
Reduction Ratio (Yr) , Tolerance Index (TOL),
Stress Tolerance Index (STI), Yield Stability Index
(YSI), Stress Susceptibility Index (SSI), are
calculated for a given genotype using grain yield
under stress condition relative to its grain yield

under non-stressed conditions.

Drought, one of the environment stresses, is the
most significant factor restricting plant production
on majority of agricultural fields of the world.
Wheat is usually grown on arid-agricultural fields
and drought often causes serious problems in wheat
production on these fields (Tas and Tas, 2007).
Therefore, the improvement of drought tolerance in
crop is a major objective of most crop breeding
programs, particularly in arid and semi-arid areas of
the world (Moustafa et al., 1996). Some estimates
indicated that 50% of the approximately 230
Million hectares of under wheat cultivation annually
in the world is frequently affected by drought (El-
Mohsen, et al., 2015). For successful breeding of
bread wheat cultivars tolerant to drought through
conventional approach, basic information about the
breeding material must be available to the breeders.
Firstly, there must be significant variability in
genotypic responses to water stress and secondly,
this variation must be genetically controlled. Thus,
an understanding of the knowledge of these two
components about the breeding material under
consideration is necessary (Mitra, 2001), so wheat
improvement for drought tolerance requires reliable
assessment of drought tolerance variability among
segregating populations (Golabadi et al, 2006).
Thus, drought indices which provide a measure of
drought based on loss of yield under drought-
conditions in comparison to normal conditions have
been used for screening drought-tolerant genotypes
(Mitra, 2001).These indices are either based on



drought tolerance or susceptibility of genotypes
1993). On the hand,

understanding of genetic mechanism of drought

(Fernandez, other
tolerance is imperative to develop suitable wheat
genotypes for the arid and semi-arid areas (Ali,
2015) which can be estimated through Griffing
(Griffing  1956), 1954)

approaches, furherrmore analysis based on Jinks

Hayman (Hayman
and Hayman (1953) makes it possible to have
access to the genetic information. The studies that
were done on genetic properties to study drought
tolerance indices on wheat in northern part of lraq
including Kurdistan region less than wanted, so
reflected negatively on the development or derived
new varieties of wheat in semi-arid areas which the
rainfall is limited factor for the growth of wheat
(Ali, 2015). For that this study aimed to investigate
the genetic properties of drought tolerance indices
of F2 segregation population in a full diallel
between five genotypes of bread wheat.

Materials and Methods

The experiment was conducted at the experimental
farm, Agriculture Research Station/Koya, Erbil.
Five bread wheat genotypes (Table 1) were crossed
in all possible combinations in a 5 x 5 diallel
fashion during the growing season 2009-2010.
Grains of 20 F1s and their five parents were
cultivated on 15 November 2010. During the
growing season, 2012-2013, the 5 parents and their
20 F, crosses was cultivated on 15 November 2012
in two experiments, stress (592.6 mm precipitation)

and non-stress using Randomized Complete Block

Design with three replications. All the F2 hybrids
and their parent cultivars were randomly assigned to
experimental units. Each plot comprised one row of
3 m with space of 20 cm between rows and 10 cm
between plants within rows. Irrigation was
performed in the non-stressed plots at tillering,
jointing, flowering and grain filing stage of irrigated
water equivalent to 30 mm of fresh water. After
harvest the grain yield was recorded for every plot.
The drought tolerance indices were calculated for
every genotype using the corresponding non-
stressed and stressed subplots in each block as
follows:

1. Mean Productivity (MP) (Rosielle and Hamblin,

1081): Mp =2+ YP

2. Geometric Mean  Productivity (GMP)
(Fernandez, 1993): GMP = (YpxYs)*®

3. Yield Index (YI) (Gavuzzi et al., 1997):

Yl =Yp/Ys

4. Yield Reduction Ratio (Yr) (Golestani and
Assad, 1998): (Y1) =1—(¥s/Yp)

5. Tolerance Index (TOL) (Rosielle and Hamblin,
1981): TOL=Yp_ Ys

6. Stress Tolerance Index (STI) (Fernandez, 1993):

s - 09D)

(Yp)®
7. Yield Stability Index (YSI) (Bouslama and
Schapaugh, 1984):  YSI =Ys/Yp
8. Stress Susceptibility Index (SSI) (Fischer and
Maurer, 1978):



1-Ys/Yp

SSI = , Where: S| = stress intensity

=1-Ys/Yp
Yp = yield of a genotype in a non-stressed

environment, Ys = yield of a genotype in drought

. Y . .
stressed environment, P= mean yield in non-

stressed environment and Ys= mean yield in
drought stressed environment.

An ordinary analysis of variance was performed to
determine whether the genotypic differences were
significant for the characters under consideration or
not. Then estimates of combining ability were
computed by using the method as described by
Griffing, method I, random model. The data also
analyzed according to Hayman's and Jinks —

Hayman approaches (Singh and Chaudhary, 1985).

Parameters used in this experiment were:

D =variation attributed to additive genetics
effects; F =relative frequency of dominant to
recessive alleles in the parental populations and the

variation level over loci; /i, = variation due to
dominance genetics effects; H,=variation due to

dominance genetics effects corrected for gene

distribution: ﬁzzdominance effects due to

heterozygous loci; /H, /D =average degree of
dominance; pg=H,/4H, =frequency product at loci

KD/KR =the

recessive alleles

exhibited dominance; ratio of

dominant to in all parents;
h%/H,=number of groups of genes which control the

trait and exhibited dominance; H,_ _ = heritability

in narrow sense and E = expected environmental

component of variation.

Table (1). Pedigree of used genotypes as parents and their sources

Pedigree

PASTOR/3/KAUZX2/OPATA/KAUZCMSS93 B003085-29Y-010M-010Y-010M-7Y -

KAUZ//ALTRA84AOS/3/MILAN/KAUZ/4/HUITES

No Source
1 A.R.C. Erbil Saberbeg x UP 114 ( Adnania)
2 ARG PBW 450 — ONPL
Sulaymania
3 AR.C. . BHRIKUTI NL623 - ONPL
Sulaymania
4 A.R.C.
Sulaymania oM
AR.C.
5 .
Sulaymania

A. R. C. = Agriculture Research Station.

CMSS97-M03912T-040Y-020Y-030M-020Y-040M-LY-2M-OY

Results and Discussion

The GCA effects of the parents along with their
mean performance indicated that there was close
relationship between parental mean performance
and GCA effects for almost all the (Yp), (Ys) and

drought tolerance indices (Table 2). Parent [5] was

found to be desirable combiner for Yp, Ys, MP,
GMP, Yl and STI. The parent [3] was responsible
for Yr, TOL and SSI. Similarly, the parent [1] was
responsible for YSI. Thus, the perfect relationship

could be established between per se performance



and GCA effects of the parents. Similar finding was
reported by Kumar et al., (2011).

The desirable SCA effects are presented in Table
(3). Out of 10 crosses 4 x5, 1x4,1x2,1x2, 1x
4,1x2,1x2,1x2, 2x%x5and2 x 3 were observed
to be best desirable with positive significant value
of SCA effects for Yp, Ys, MP, GMP, Y1, Yr, TOL,
STI, YSI and SSI, respectively. Some crosses
showed desirable SCA effects for more than one
characters such as 1 x 2 which showed significant
and desirable SCA effects for five drought indices
viz.; MP, GMP, Yr, TOL and STI. Similarly, cross
combination 1 x 4 recorded significant and
desirable SCA effects for Ys and YI. On the other
hand, the best crosses on the basis of per se
performance and SCA effects were 2 x 4 for Yp, Yr
and TOL; 1 x 4 for Ys, MP, GMP, Yl and STI; 2 x
5 for YSl and 2 x 3 for SSI.

Regarding to reciprocal effects (table, 4) showed
that the cross 3 x 2 had a desirable reciprocal effects
for Yp, Yr, TOL and SSI, and a crosses 5 x 3 for

MP, GMP, STI then a cross 5 x 4 for Ys, YI and
YSI. While the best crosses on the basis of per se
performance and performance and SCA effects
were 5 x 4 for Ys and Y. The significant result of
GCA and SCA suggests that both additive and non-
involved in the
Rabbani  (2009)

concluded that the genotypes possessing dominance

additive gene effects were
expression of these indices.

and over-dominance are more efficient for
producing those traits in hybrid combinations. The
results of combining ability revealed that the
parents [5 and 3] proved as a best general combiner
which can be used in hybridization program for
obtaining desirable combinations, while in case of
hybrids the results of SCA revealed that the hybrids
1x4,1x2and 3 x 2] had a best specific combiner
in desirable direction for seven traits. Other
researchers also obtained parents which showed
desirable GCA and SCA or reciprocal effects of
hybrids for different traits using different genotypes

(Saba et al., 2001 and Farshadfar et al., 2011).

Table (2). Estimation of GCA effects of 5 parents along with their mean performance for (Yp), (Ys) and drought tolerance indices
in F2 generation.

Yp Ys MP GMP Yl

Parents GCA Parent GCA Parent GCA Parent GCA Parent GCA Parent

effect mean effect mean effect mean effect mean effect mean

1 -0.384* 12.770 -0.186* 10.163 -0.285* 11.467 -0.272* 11.389 -0.017* 0.952

2 -0.561* 12.543 -0.407* 10.350 -0.484* 11.447 -0.482* 11.383 -0.038* 0.970

3 0.276* 17.190 -0.123* 11.573 0.077 14.382 0.055 14.104 -0.012* 1.084

4 -0.034 14.843 0.066 11.323 0.016 13.083 0.021 12.963 0.006 1.061

5 0.703* 17.113 0.650* 13.287 0.676* 15.200 0.680* 15.075 0.061* 1.244

SE(gi-g 0.108 0.094 0.089 0.089 0.009

Yr TOL STI YSI SSI

Parents GCA Parent GCA Parent GCA Parent GCA Parent GCA Parent

effect mean effect mean effect mean effect mean effect mean

1 -0.008* 0.202 -0.198* 2.607 -0.490% 9.027 0.008* 0.798 -0.013* 0.322

2 -0.005 0.171 -0.154* 2.193 -0.850* 8.981 0.005 0.829 -0.008 0.272

3 0.022* 0.326 0.399* 5.617 0.118 13.779 -0.022* 0.674 0.035* 0.520

4 -0.003 0.238 -0.100* 3.520 -0.013 11.643 0.003 0.762 -0.006 0.379

5 -0.005 0.222 0.053* 3.827 1.235* 15.754 0.005 0.778 -0.008 0.355

5



S-E.(gi—9 i)

0.006

0.096

0.152

0.006

0.010

Table (3). Estimation of SCA effects and corresponding mean performance for (Yp), (Ys) and drought
tolerance indices in F, generation of 5 x 5 diallel cross.

Yp Ys MP GMP Yi
Crosses SCA mean SCA mean SCA mean SCA mean SCA mean
effect effect effect effect effect
1x2 1.564* 12,677  -0.130 8.993 0.717* 10.835 0.593*  10.673 -0.013 0.842
1x3 -0.625* 13700  0.272*  10.800  -0.177 12.250 0112 12.142 0.026* 1.013
1x4 -0.142 15393  0.940*  11.880  0.399* 13.637 0.474* 13511 0.089* 1.113
1x5 0.108 16.057 -0.941* 10.993 -0.416* 13.525 -0.493* 13.275 -0.088* 1.030
2x%x3 0.065 16.867 0.114 10.833 0.090 13.850 0.084 13.515 0.011 1.015
2x%x4 0.835* 15.623 -0.357* 10.017 0.239* 12.820 0.162 12.509 -0.034* 0.938
2%x5 -1.688* 12.590 -0.116 10.653 -0.902* 11.622 -0.791* 11.579 -0.010 0.999
3x4 -1.556*  12.680  -1.186*  9.113  -1.371* 10.897 -1.348* 10742  -0.112* 0.854
3x5 -0.079  17.310  -0.342* 12217  -0.210 14.763 -0.223* 14540  -0.032* 1.145
4x5 0.394*  15.300 0.088 13.390  0.241* 14.345 0.186 14.310 0.008 1.255
SE@-0 0.265 0.229 0.218 0.216 0.022
Yr TOL STI YSI ssl
Crosses SCA mean SCA mean SCA mean SCA mean SCA mean
effect effect effect effect effect
1x2 0.092* 0.291 1.694* 3.683 1.128* 7.897 -0.092*  0.709 -0.067* 0.464
1x3 -0.047*  0.205  -0.897*  2.900 -0.284 10.219 0.047* 0.795 -0.025* 0.327
1x4 -0.081*  0.224  -1.082*  3.513 0.856* 12.645 0.081* 0.776 0.100* 0.358
1x5 0.072* 0.315 1.049*% 5.063  -0.929* 12.265 -0.072*  0.685 0.002 0.502
2x3 -0.009 0.358 -0.048 6.033 0.207 12.683 0.009 0.642 0.153* 0.571
2x4 0.072* 0.359 1.192* 5.607 0.248 10.858 -0.072*  0.641 0.065* 0.572
2x5 -0.082*  0.153  -1572* 1937  -1.487* 9.312 0.082* 0.847 -0.014 0.244
3x4 0.007 0.276 -0.369* 3.567 -2.297* 7.996 -0.007 0.724 -0.005 0.440
3x5 0.021* 0.293 0.263* 5.093 -0.392* 14.638 -0.021* 0.707 0.002 0.468
4x5 0.012 0.124 0.307* 1.910 0.300 14.191 -0.012 0.876 -0.213* 0.198
SE@-0 1) 0.015 0.236 0.373 0.015 0.023
Table (4). Estimation of reciprocal effects and corresponding mean performance for (Yp), (Ys) and drought
tolerance indices in F, generation of 5 x 5 diallel cross.
Yp Ys MP GMP Yi
Reci. SCA mean SCA mean SCA mean SCA mean SCA mean
effect effect effect effect effect
2x1 -2.385* 15713  -0.960* 9570  -1.673* 12.642  -1.560* 12255  -0.089* 0.895
3x1 -0.010  13.377 0.160 9.507 0.075 11.442 0.076 11.274 0.016 0.890
4x1 1510 13.203  0.383*  10.953  0.947* 12.078 0.893*  12.025 0.036* 1.026
5x1 1.187*  13.683  0.793*  9.407 0.990* 11.545 0.965*  11.345 0.075* 0.881
3x2 2.643* 13580  0.573*  9.753 1.608* 11.667 1.463*  11.504 0.054* 0.912
4x2 0.940*  13.743 0.038 9.940  0.489* 11.842 0.413*  11.683 0.004 0.931
5x2 -0.307* 12373  -0.150  11.113  -0.228* 11.743  -0.223*  11.726 -0.014 1.042
4%x3 -0.450*  11.580  -0.320* 9.687 -0.385* 10.633 -0.381*  10.588 -0.029* 0.907
5x3 1.967*  13.720  1.355*  10.480  1.661* 12.100 1.633*  11.991 0.127* 0.981
5x4 -0.207  17.447  1.910* 10913  0.852* 14.180 1.027*  13.794 0.180* 1.021
SE(ry_ry)  0.242 0.209 0.199 0.200 0.020
Yr TOL STI YSI ssl
Crosses SCA mean SCA mean SCA mean SCA mean SCA mean
effect effect effect effect effect
2x1 -0.042* 0391  -1.425*  6.143  -2.667* 10406  0.042* 0.609  -0.067*  0.624
3x1 -0.015 0.291 -0.170 3.870 0.098 8.837 0.015* 0.709 -0.025* 0.464
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4x1
5x1
3x2
4x2
5x2
4x3
5x3
5x4

S.E.(rij—

,
rij)

0.062*
0.002
0.096*
0.041*
-0.008
-0.003
0.001

-0.134*

0.013

0.170
0.312
0.283
0.277
0.100
0.166
0.236
0.375

1.127*
0.393*
2.070*
0.902*
-0.157
-0.130
0.612*

-2.117*

0.215

2.250
4.277
3.827
3.803
1.260
1.893
3.240
6.533

1.516*
1.672*
2.432*
0.697*
-0.362*
-0.588*
2.901*
1.893*

0.340

10.036
8.921
9.171
9.464
9.613
7.819

10.022

13.231

-0.062*

-0.002

-0.096*
-0.041*

0.009

0.003

-0.001
0.134*

0.013

0.830
0.688
0.717
0.723
0.900
0.834
0.764
0.625

0.100*
0.002
0.153*
0.065*
-0.014
-0.005
0.002

-0.213*

0.021

0.272
0.498
0.451
0.442
0.159
0.265
0.376
0.599

Mean square values of the Hayman genetic analysis
for Yp, Ys and drought tolerance indices are
presented in Table (5). Component a, which is an
estimation of additive variance were significant
(p=0.01) for Yp, Ys, MP, GMP and YI while
component b which is non-additive (dominant) were
significant (p=0.01) for all drought indices. This
component of variance was divided into bl, b2 and
b3 according to Hayman (1954) component bl
means the comparison of parents with crosses; it has
been significant for Ys, YI, and STI which means
that this item displaying the importance of
dominance effects (Uni-directional) while non-
significant indicated the absence of directional
dominance of the genes. Component b2 shows the

special heterosis of each parent. The significance of

this component determines if the deviation of F;
from the average parents changes from one parent
to other parent. This happens when the frequency of
dominant allele are different (Aghamiri et al.,
2012). This component was significant for Yp, MP,
GMP, TOL and STI which means scattering in
dominant allele’s distribution for these indices.
Important role of specific dominant deviation of
genes was indicated by significant b3 item. This
component has been significant for all drought
indices. Significant ¢ and d items indicated the
presence of maternal and reciprocal effects,
respectively. Component ¢ has been significant for
all indices while component d was significant for all
indices except Ys and YI. Similar finding was

reported by Ali (2015).

Table (5). Analysis of variance for Yp, Ys and drought tolerance indices according to (Hayman, 1954)

method.
Mean Squares
SOV df Yp MP GMP Yl
a 4 10.516** 9.822** 9.787** 9.982** 0.086**
b 10 11.660** 3.350** 5.394** 4.926** 0.029**
b1 1 3.779 " 8.240** 5.795 " 6.462 " 0.073**
b, 4 7.294** 0.611 " 2.754** 2.296** 0.005 "*
bs 5 16.729** 4.563* 7.426** 6.723** 0.040*
c 4 10.897** 3.467* 4.414** 3.967** 0.031*
d 6 5.947** 1.750 "* 2.856* 2.537* 0.016 "
Total 24
Ea 8 0.710 0.381 0.393 0.367 0.003
Eb 20 1.042 0.687 0.669 0.672 0.006




Eb, 2 2.854 0.041 0.894 0.733 0.000
Eb, 8 0.604 0.242 0.215 0.199 0.002
Ep, 10 1.029 1.172 0.988 1.038 0.010
Ec 8 0.932 0.585 0.495 0.492 0.005
Ed 12 0.692 0.834 0.671 0.700 0.007

Yp=Grain yield ander non-stress conditions; Ys=Grain yield under stress conditions; MP=mean prductivity; GMP= Geometric

Mean Productivity; YI= Yield Index.

-Continued-
Mean Squares
SOV df Yr TOL STI YSI SSI
a 4 0.007 "* 1.527 "* 32.894 n.s 0.007 "* 0.018 "*
b 10 0.026** 8.444%** 14.653** 0.026** 0.067**
b; 1 0.010 "* 0.859 "* 21.087** 0.010 "* 0.025"*
b, 4 0.012"* 4,792* 6.982** 0.012"* 0.031"°
bs 5 0.041** 12.882** 19.503** 0.041** 0.103**
c 4 0.031** 11.070** 11.890** 0.031** 0.078**
d 6 0.008* 3.969** 7.776* 0.008* 0.020*
Total 24
Ea 8 0.003 0.611 1.037 0.003 0.007
Eb 20 0.003 0.780 1.906 0.003 0.007
Eb, 2 0.005 2.215 2.480 0.005 0.013
Eb, 8 0.003 0.831 0.616 0.003 0.009
Ep, 10 0.002 0.452 2.822 0.002 0.005
Ec 8 0.003 1.055 1.583 0.003 0.009
Ed 12 0.002 0.366 2.024 0.002 0.005
Yr= Yield Reduction Ratio; TOL=Tolerance Index; STI=Stress Tolerance Index;YSI= Yield Stability Index; SSI=Stress

Susceptibility Index.

The components of variation and genetic constants:

h?, E , J/H,/D,

pg=H,/4H,, KD/KR. hz/H,and H__ were

61 ﬁiﬁli Hzl

computed according to Jinks -Hayman analysis
which are described by Singh and Choudhary
(1985). The results revealed significant role of
additive  genetic (D) for the
inheritance of Ys, MP, GMP, YI, STl and SSI. The

component

positive values of F (mean of variance of additive
and dominance effects) for all indices indicated
unequal distribution of dominant and recessive gene

frequencies in the parents. The non-additive

component ( H, ) was found to be important for the
genetic control of all the indices except Yp, MP,
GMP and STI. However, the relative magnitude of

dominant component ( H,) was higher as compared

to additive component (D) in most indices,
indicating the preponderance of dominant gene
effects in controlling the inheritance of these
indices. The genetic component ( H,) was recorded
with low magnitude than (H,) for all the indices,
indicating that beneficial positive alleles are not
proportional to that of deleterious negative alleles at

all loci among parents. Non-significant value of



(h?) for all indices indicated the absence of
dominance effects due to heterozygous loci.
Similarity, expected environmental component of
variation E was found non-significant for all
indices. The of dominance

average degree

(/A, /D) has been >1 for all indices indicates that

these indices were controlled by the over-
dominance of genes and ample scope for heterosis
breeding. The ratio of (H./4H;) indicates the
symmetry of the frequency of dominant and
recessive alleles in all gene location controlling
traits. This ratio is less than 0.25 for all traits except
TOL. This amount of ratio indicates the unequal
frequencies of dominant and recessive allele for this
drought tolerance index. The value of genetic ratio
(h%*/H,) estimated for studied traits indicate that
there has been at least one genetic group involved in

the control of heredity. The component KD/KR

measures the proportion of dominant and recessive
genes among the parents. All drought tolerance
indices have shown the values for this component
above unity, indicating the role of dominant genes
in the expression of these indices. The narrow sense
heritability Hns. was high for all indices, indicating
that selection for improvement of these traits would
be effective.

In conclusion, based on our studies, it seemed that
the information generated as a result of this study
on genetic analysis of some important drought
tolerance indices of bread wheat will be of great
value to the breeders which can be used in future
breeding program for the development of cultivars.
Furthermore, the drought tolerance indices having
high heritability and with additive gene action could
be used as indirect selection criteria for the selection
of drought resistance genotypes of bread wheat at
earlier under conditions.

generation drought

Table (6). Genetic constants, ratio of genetic parameters and heritability in narrow sense of (Yp), (Ys), and

drought tolerance indices.

Yp Ys

D 4.123 + 1.980 1.207 + 0.370%
E 6.803 % 4.946 1.293 % 0.923
H, 14.163+£5.347  3.671+0.998*
H, 7.311 + 4.850 1.091 + 0.905
h?2 1.012 + 3.274 0.888 + 0.611
E 0.294 + 0.808 0.294 +0.151
JH,/D 1.893 1.963
pa=H,/4H, 0.129 0.074
KD/KR 2.605 1.886
h2/H, 0.160 0.138

H 0.807 0.818

n.s.

Yp=Grain yield ander non-stress conditions; Ys=Grain yield under stress conditions; MP=mean prductivity; GMP= Geometric

Mean Productivity; Y= Yield Index.

Yr

TOL

MP GMP Yi
2257+0.786*  2.185+0.852*  0.011 0.003*
3.181 + 1.962 3.124 +2.127 0.012 + 0.008
5001 + 2.121 5.551 + 2.300 0.034 + 0.007*
0.827 + 1.924 1.692 + 2.086 0.011 + 0.008
3.033 + 1.299 0.846 + 1.408 0.0078 + 0.005
0.294 +0.321 0.199 + 0.348 0.002 + 0.001

1.547 1.689 1.931
0.041 0.076 0.078
2.768 2.627 1.902
0.094 0.502 0.094
0.907 0.881 0.835

STI

YSI

SSI




D 0.003+0.001  1.447+0.799
S 0.005+0.003  2.572%1.996
H, 0.033+0.003*  11.281+2.158*
H, 0.026+0.003* 8671+ 1958
h? 0.0021+0.002  0.564 + 1.322
E 0.001£0.001  0.231+0.326
JH./D 3.702 2.787
Pg=H,/4H, 0.200 1.192
KD/KR 1.692 1.934
h2/H, 0.104 0.081
H 0.499 0.580

n.s.

Yr= Yield Reduction Ratio; TOL=Tolerance Index; STI=Stress Tolerance Index;YSI= Yield Stability Index;

Susceptibility Index.

7.172 £ 2.441* 0.003 +0.001 0.008 + 0.003*
9.891 + 6.098 0.005 + 0.003 0.013 £ 0.008
16.233 + 6.592 0.033 +0.003* 0.083 + 0.009*
4.255 + 5.979 0.026 + 0.003* 0.067 + 0.008*
2.778 +4.037 0.0021 + 0.002 0.005 + 0.005
0.579 + 4.037 0.001 +0.001 0.002 +0.001
1.594 3.702 3.713
0.066 0.200 0.200
2.692 1.692 1.69
0.801 0.104 0.104
0.898 0.499 0.499

SSI=Stress
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