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ABSTRACT

In Ethiopia, drought is a major problem that causes high yield reduction in barley
producer regions. Thus, search of drought tolerant barley genotypes is the first and most
crucial nationwide issue to alleviate the problem sustainably. Hence the current study
was carried out to evaluate and identify drought tolerant pure lines using 16 barley
genotypes under greenhouse conditions using randomized complete block design with
two irrigation regimes through computation of nine drought tolerance indices. The
analysis of variance showed highly significant (P<0.01) differences for yield of drought
stress, non-stress conditions and for all drought tolerance indices. Stress tolerance index,
geometric mean productivity and mean productivity were the most powerful and
effective predictors identified genotypes under stress and non-stress conditions. Cluster
and principal component analyses were classified genotypes according to drought
tolerance ability and yield stability. Most of them confirmed that 18294-01, 235243-01,
224751-01, 238367-01, 230205-01 and 230207-01 were found drought tolerant and yield
stable pure lines under drought stress and non-stress environments, especially 18294-01
and 235243-01 were the superior ones fitted for most of criteria. Therefore barley pure
lines identified as drought tolerant and yield stable can be recommended to be used in
hybridization as parents for improvement of drought tolerant barley varieties in
breeding program. However, further investigation and identification of desirable pure
lines at field level by the aid of marker assisting selection canbe recommended to be
taken into consideration.
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INTRODUCTION irrigation  regimes and  identified

. . promising stable and drought tolerant
Barley (Hordeumvulgare L.) is an important genotypes.

malting, food, and feed crop and ranks
fourth in global production among cereal
crops next to corn, rice, and wheat (FAO,
2013). Barley is an important grain crop in
Ethiopia and has diverse ecologies being
grown from 1800 to 3400 m altitude in
different seasons and production systems
(Muluken, 2013). Between 2003/04 and
2013/14, the number of smallholders
growing barley increased from 3.5 million
to 4.5 million; yields increased from 1.17
metric tons per hectare to 1.87 metric tons
per hectare; and total production grew
from 1.0 million tons in 2005 to about 1.9
million tons in 2014 (CSA, 2005; CSA,
2014).

Currently barley is substantially
grown for animal feed, malt products and
human food respectively. Traditionally,
barley is very important food crop in the
semi-arid regions of Africa and Asian
counties including Ethiopia. In Ethiopia
barley is mainly used in making of many
traditional foods, beverages and its straw
is used for animal feed, construction and
bedding (Bekeleet al., 2005).

Drought stress is an adverse
environmental  condition that can
seriously reduce crop productivity and the
effect depends on its intensity and
duration. In Ethiopia, rainfall variability
and associated droughts among abiotic
stresses are the major causes of food
shortages and famines. Drought problem
is caused not only by shortage of rainfall
but also it can be appeared by its erratic
shower in both agro-ecology zones. Before
the 1980s, drought was most protracted in
the northern and eastern regions of
Ethiopia. However, the number of
drought-affected areas has dramatically
increased and now includes the most
productive regions in the west and south
(Yaynu, 2011).There were previous
drought base studies, which were carried
out in different times and environments
by Al-Abdallatet al.,, (2017), Vaeziet al.,
(2010), Ashraf et al., (2015) and Samarah
and Alqudah (2011) wusing different

In Ethiopia different drought base
studies were conducted to alleviate
drought problem, viz. identification of 14
drought tolerance accessions from the
existing landraces (Yaynu, 2011), two
accessions were found stable and drought
tolerant by Kiflu (2009) at Enadayesus of
Tigray National Regional State(NRS)
using 175 landraces, Yosefet al.,(2011) at
Sirinka Agricultural Research Center
(SARC) were proposed three accessions
for released varieties and Sintayehu and
Tesfahun (2011) identified four genotypes
as stable and drought tolerant among the
16 genotypes at Dera of Oromia NRS
using landraces and released varieties to
be used as a check. However, in Ethiopian
context there is little information
regarding drought tolerance aspects of the
barley landraces considered in this study.

Parts of major barley producer regions
especially Belg producers of Ethiopia
(covers about 40% of the area and gives
46% of the total cereal production) are
under drought stress conditions (CSA,
1992), and they are in need of drought
tolerant varieties to be benefited from this
short-term season, and as well as in the
main crop season which have erratic and
short period of rain fall under different
agro-ecologies. The current study was
conducted under greenhouse condition
using landraces, in two irrigation regimes
through computation of nine drought
tolerance  indices namely, drought
tolerance index (TOL) and mean
productivity (MP) (Rosielle and Hamblin
1981), stress susceptibility index (SSI)
(Fischer and Maurer 1978), geometric
mean productivity (GMP) and stress
tolerance index (STI)(Fernandez 1992),
stress tolerance (ST) (Fereres et al 1986),
yield reduction ratio (YR) (Golestani-
Araghi and Assad 1998), relative
performance (P) (Abo-Elwafa and Bakheit
1999), yield index (YI) (Gavuzzi et al 1997)
and yield stability index (YSI) Bouslama
and Schapaugh (1984) were employed.
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The main objectives of this study were
to (1) evaluate the influence of drought
stress on grain yield of barley genotypes,
(2) identify drought tolerant Dbarley
genotypes based on drought tolerance
indices and (3) study interrelationships
among the screening methods like
drought indices, correlation of indices,
cluster and principal component analyses.

MATERIALS AND METHODS
Description of the study area

Pot experiment was carried out in a
greenhouse conditions by creating
controlled moisture stress environment at
Holeta Agricultural Research Center
(HARC), which has a mean temperature
ranges from 220C to 6°C.Plastic pots used
in the greenhouse were 25 cm in diameter
and 22.5 cm deep, filled with 6 kg air-
dried soil with a mixture of soil, peat and
sand in ratio of 3:2:1 (in volume/
volume).The soil moisture of each
experimental pot (non-stress and drought-
stress) was maintained with the required
amounts of water by weighing irrigated
(daily) pots with together watering plants
(Ozturk et al. 2002). Thus the weight of
soil moisture at Field Capacity (FC) was
calculated as the difference between the
soil weight after 3 days drainage (from

saturated) and soil weight after oven
drying for 104 °C for 24 h. Based on these
measurements weights of pots, pots with
air dry soil, oven dry, and pots with
irrigated soil at field capacity were fixed
Ozturket al., 2002, Samarah and Alqudah,
2011). Sowing was carried out in
November 31st, 2016 by direct drilling the
seeds in each experimental pot.

Experimental materials

In this study a total of 16 selected barley
genotypes were used, selected from the
preliminary screening of field experiment
conducted at Mekele Agricultural
Research Center (MARC), and out of these
the one was released variety (Gobie) used
as standard check obtained from Holeta
Agricultural Research Center (HARC),
while the rest 15 were pure lines purified
and screened under field condition during
2014 main cropping season at HARC and
in 2015 using on farm irrigable land before
the field experiment was taken place in
three different moisture stress
environments (HARC, Geregera of SARC
and MARC) (Table 1). 230 accessions were
used as a source, obtained from Institute
of Bio-diversity Conservation Research for
Ethiopia (IBCRE).

Table 1. Barley genotypes used in greenhouse experiment for drought tolerance

Genotype Source Pure line/Var. Status Row No.
238367 IBCRE 238367-01 Pure line 2R
234353 IBCRE 234353-01 Pure line 2R
234296 IBCRE 234296-02 Pure line 2RLF
230224 IBCRE 230224-01 Pure line 2R
242579 IBCRE 242579-01 Pure line 2R
18294 IBCRE 18294-01 Pure line 2R
230192 IBCRE 230192-01 Pure line 2R
231340 IBCRE 231340-01 Pure line 2R
235243 IBCRE 235243-01 Pure line 2R
230206 IBCRE 230206-01 Pure line 2R
224751 IBCRE 224751-02 Pure line 2R
17187 IBCRE 17187-01 Pure line 2R
230205 IBCRE 230205-01 Pure line 2R
230207 IBCRE 230207-01 Pure line 2R
230172 IBCRE 230172-02 Pure line 2R
Gobie HARC Gobie Variety 2R

2R- Two - row, 2RLF - two- row with lateral floret
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Experimental design and procedure

A pot experiment was conducted in
randomized complete block design
(RCBD) with two irrigation regimes (non-

stress and drought-stress) by
accommodated three replications (23
pots/ replication). Hence each set

(irrigation regime) was comprised 69 pots.
Sowing was carried out by direct drilling
the seeds in each experimental pot. Nine
seeds per pot and 27 seeds per genotype
in one set of treatment were grown.

Drought and

procedures

stress  application

To carry out stress application four major
soil water content characteristics were
determined, viz. field (container) capacity,
oven dry, available water content and
permanent wilting point. Hence FC at 95%
(non-stress) and 45% (drought stress) were
calculated from the soil mass of after
drainage (for 3 days) of saturated soil and
the soil mass of oven dry which was taken
before in the laboratory. So watering of
each pot was carried out based on its FC
fixed after drainage that is to determine
the daily loss of water through evapo-
transpiration. Drought stress application
was conducted in vegetative and
reproductive growth stages.

The first drought stress

For the first four weeks, from date until
six-leaf stage (end of seedling growth) all
pots of treatments (non-stress and drought
stress treatments) were irrigated at 95% of
field capacity (FC). At six-leaf stage
(Zadoks,16) the first relative water content
(RWC) samples were taken for different
RWC measurements in the laboratory, and
then followed by withholding of water for
a period of 9-14 days. Withholding of
water on drought stress treatments was
continued up to the setting of permanent
wilting point (PWP) for each studied
barley genotype in different periods of
time. This was the first drought stress
taken place at vegetative growth stage
(Ozturket al. 2002).

The second drought stress

Then after first drought stress was ended,
re-irrigation of plants were continued
(maintained at 95% of field capacity) until
heading growth stage was set (Zadoks,
55). Until the second drought stress was
taken place, the two treatments were
irrigated with equal amount of water
content (95% FC). At the beginning of the
heading growth stage two treatments
were imposed in two different irrigation
regimes, viz.,, 95% field capacity (non-
stress), and 45% field capacity ( drought
stress). Stressed treatments were started to
impose at 50% heading growth stage
(emergence of inflorescence) (Zadoks, 55)
and continued until kernels dough growth
stage (Zadoks,87) was set. All irrigation
regimes (non-stress and drought stress)
were applied by weighing pots daily, and
maintaining them at fixed soil moisture
content (Ozturket al. 2002).

Data collection

Yield data were collected on yield and
yield related traits in the greenhouse after
harvesting, and then threshing was taken
place. Data were collected on 5 randomly
plants from the pots based on barely
descriptor.

Data analysis

Grain yield per plant under non-stress
(Yp), and drought stress conditions (Ys)
and nine drought tolerant indices were
calculated. Moreover, Pearson correlation
coefficients were computed for each pair
of the possible pair-wise comparisons of
the drought tolerance indices. Differences
between means were compared using
Least Significant Difference (LSD) at 5%
level of probability. Cluster analysis of
diagram and principal component
analyses were done by using) SAS 9.3
(SAS institute 2011). Estimation of
drought tolerance indices was done as
shown below.
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Table2.Stress tolerance indices used for the evaluation of barley genotypes to drought
tolerance

S.No.  Stress tolerance indices  Equationl Reference

1 Stress susceptibility SSI=1-(Ys/Yp)/SI Fisher and Maurer (1978)
index(SSI)

2 Yield reduction ratio YR=1-(Ys/Yp) Golestani-Araghi and Assad,
(YR) (1998)

3 Mean productivity MP = (Ys+Yp)/2 Rosielle and Hambline (1981)
(MP)

4 Stress tolerance (TOL)  TOL = Yp-Ys Hossain et al., (1990)

5 Geometric mean GMP = (Yp*Ys)'2 Fernandez (1992)
productivity (GMP)

6 Stress tolerance index STI=(Yp*Ys)/([lp)> Fernandez, (1992).
(STI)

7 Yield index (YI) YI=Ys /[Is Gavuzzi et al. (1997)

8 Yield stability Index YSI=Ys/Yp Bouslama and Schapaugh
(YSI) (1984)

9 Relative performance P=(Ys/Yp)/IIs/[lp Abo-Elwafa and Bakheit
(P) (1999)

Ys and Yp, are grain yield of each genotype under stress and non-stress conditions,
respectively. While Ys and Yp are the mean grain yield of all genotypes in stress and
non-stress conditions respectively

RESULTS AND DISCUSSION regimes (Yp and Ys) and for all drought
tolerance indices.(Table 3). Similar results
were reported on barley genotypes showed
The analysis of variance showed highly high significant differences for all criteria
significant (P<0.01) differences for yield of (Nazari and Pakniyat, 2010 andSharafiet al.,
non-stress and drought stress irrigation 2014).

Analysis of variance

Table 3. Analysis of variance of Yp, Ys and stress tolerance indices of 16 barley genotypes
(Mean squares) under greenhouse condition

D TO GM
SOV . F Yp Y¥Ys STT L MP P SSI YR P YI YSI

BLK 2 038 009 002 053 001 0.08 008 003 019 010 0.03
084 012 006 076 029 020 0.08 0.03 020 014 0.03
TRT 15 o - - - - " " " - -

Erro 005 001 0.00 008 001 0.01 0.01 000 0.03 0.02 0.00
r 30

924 118 146 189 684 6.77 122 121 162 118 16.1
Ccv 8 5 7 0 1 6 9 7
Mea 244 099 044 144 172 155 093 057 110 1.09 043
n

**=significance at 1%, Yp= yield potential under non-stress condition, Ys= yield under
drought stress condition, STI= stress tolerance index, TOL= stress tolerance, MP=mean
productivity, GMP=geometric mean productivity, SSI=stress susceptibility index,
YR=yield reduction ratio, P=relative performance, YI=yield index, YSI=yield stability
index
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Mean yield performances

Mean yield performance of Yp (yield
potential),Ys (yield under stress) and
tolerance indices are given in table 4.The
highest grain yield per plant under non-
stress condition was obtained from
230206-01, Gobie and 231340-01 followed
by 234353-01, 234296-02, 18294-01 and
235243-01.Meanwhile under non-stress
condition the lowest grain yield was
observed on pure line 17187-01 followed
by 230224-01 and 242579-01..On the other
hand under drought stress condition pure
line 18294-01 showed high grain yield
followed by 235243-01 and 224751-02.
Under similar stress condition genotype
pure line 231340-01 was showed the
lowest grain yield per plant (Table 4).

Mean performance under the two
stress levels indicated that 18294-01 and
235243-01 were showed the highest yield
under both conditions, whereas 17187-01
was found with the lowest yield under
both conditions. 234296-02, Gobie, 234353-
01 231340-01 and 230206-01 were highly
reduced the grain yield under drought
stress condition; on the other hand 224751-
02 was well performed only under
drought stress condition. Generally results
showed that grain yield per plant were
reduced under drought stress condition
due to drought stress effect at vegetative
and reproductive stages. Mean grain yield
under stress (Ys) condition was 1.00 g
plant'which was showed a reduction of
59.25% as compared to under non-stress
(Yp) condition. Similar results were
reported by Subhani ef al., (2015), Sharafi
et al., (2014).

Drought tolerance indices

A smaller value of drought tolerance
index (TOL)is favored to select drought
tolerant genotypes. Hence 17187-01 and
230224-01 were showed the lowest TOL
followed by 230207-01 (Table 4). The
lower this index is the more genotypes are
drought resistance (Sio-Se Mardeh et al.,
2006). On the other hand 231340-01 and
Gobie were showed maximum values of
TOL followed by 234296-02, 230206-01 and

234353-01,, indicated that genotypes with
high TOL were drought sensitive
genotypes.AS defined by Rosielle and
Hamblin (1981) a larger of TOL value
represents relatively more sensitivity to
stress, and exhibited high grain yield per
plant under non-stress condition, but low
under drought stress condition. Similar
results were reported by (Ashraf et al.,
2015, Subhaniet al., 2015).But in these
study pure lines with low TOL was found
low in grain yield under both conditions,
and here TOL was not a good indicator
index. Similar results were reported by
Subhani et al., (2015) On the other hand
indicated the fact that genotypes with
high grain yield under non-stress were
showed high TOL like Gobie, 231340-01
and 230206-01 (Table 4).

As far as stress susceptibility index
(SSI) was concerned, 10 genotypes were
showed lower values of SSI less than 1
(Table 4). But 230224-01, 18294-01, 224751-
02 and 230207-01 were found with the
least values of SSI. So values of SSI lower
than 1 denotes low drought susceptibility
and values higher than 1 indicate high
drought susceptibility. Whereas
genotypes like 234296-02, 231340-01 and
Gobie were exhibited high values of SSI
followed by 234353-01 and 230206-
01,which were showed the highest grain
yield reduction under drought stress (Ys)
condition.Similar results were provided
by Khaliliet al., (2016) and JalilAjalli and
Salehi (2012).

Genotypes with high values of stress
tolerance index (STI), geometric mean
productivity (GMP) and mean
productivity (MP) can be selected as
tolerant genotypes to drought stress
conditions (Ashraf et al, 2015). Thus,
18294-01 was showed the highest values
of STI, GMP and MP followed by 235243-
01 and 230206-01(Table 4), but 18294-01
showed the highest value for STI, MP,
GMP and Ys, followed by 235243-01
which indicated that the two pure lines
were drought tolerant and high yielder,
that can be selected for drought stress and
non-stress environments (Table 4).
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Table 4.Mean values of Yp, Ys and stress tolerance indices of 16 barley genotypes under greenhouse condition

Genotype Yp Ys STI TOL MP GMP  SSI YR P YI YSI
238367-01 2474 1.11bcde 0.50<d 1.364fg 1.80cde 1.66 0.90«d 055k  1.16bc  1.22bcde 0.45b
934353-01 2.80b 0.95def 0.48d 1.85abe 1.88bede 1.63«de 107 066>  0.88de  1.04defs 0.34cd
93429602 2,880 0.92¢fgh 0.47d 1.96% 1.90bcd 1.62¢de  111a 0.68 0.83¢  1.00cfsh 0.324
230224-01 1.748 0.83feh 0.26f 0.90zh 1.29¢ 1.208 0.84de 052 125® .91k 0.48:0
24257901 1.82 0.80fgh 0.26f 1.02% 1.31f 1218 0.92bcd  (056bc  1.13bed  (.87fh 0.44bc
18294-01 2,873 1.39 0.71a 1.48cde 2134 1.99a 0.83de  051«d 1268 1522 0.492
930192-01 2510 0.87fgh 0.39de 1.64bcd 1.69¢ 147¢  1.07ac  0.66 089 0.94fgh 0.34cd
231340-01 2962 0.75h 0.40de 220 1.86bcde 1484 121a 0.74 0.66c  0.81n 0.264
235243-01 278 1.30e0 0.652 1.48cdef 2.04ab 1.90  0.874 0.53¢ 1200 1424 0.47"
30206-01 3.092 1.00cdef 0.55b¢ 2092 2.04ab 175k 110 0.68 0.84de  1.09edef 0.324
224751-02 2.35de 1.20a 0.51¢ 1.14¢fs 1.78de 1.68¢ 0794 049d 132 131 0.51ab
17187-01 1.28n 0.768h 0.185 0.52h 1.02s 0.99n 0.67¢ 0.404 1522 0.83h 0.604
230205-01 2.29de 1.14bcd 0.46d 1.15¢fg 1.71de 1.61cde  080d 049« 131ab  1.24bed 0.51ab
230207-01 2.194e 1.18bc 0.46<d 1.01¢ 1.69¢ 1.60cde  074de 0454 140 129k 0.55%
230172-02 201 0.90fgh 0.32¢f 1.11efs 1.45¢ 1336 0.87d 0.53¢ 1200 0.98fh 0.47b
Gobie 3.06° 0.89fgh 0.49<d 217 1.98% 1654 115 0.70a 0.76c  0.97fh 0304

Yp,Ys= Grain yield under non-stress and stress condition respectively, STI= stress tolerance index, TOL= stress tolerance, MP= mean
productivity, GMP= geometric mean productivity, SSI= stress susceptibility index, YR= yield reduction ratio, P= relative performance, YI=

yield index, YSI= yield stability index
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On the other hand 17187-01was showed the
least values of STI, GMP and MP with high
reduction of grain yield under drought
stress (Ys) condition followed by 230224-01
and 242579-01. Similar results were reported
by Khalili et al., (2016).

Genotypes, such as 17187-01 was
showed low value of yield reduction ratio
(YR) followed by 230224-01, 18294-01,
224751-02, 230205-01 and 230207-01 (Table4),
indicated that they were found with high
grain yield under drought stress condition.
On the other hand genotypes like 231340-01,
Gobie, 234296-02 and 230206-01 were
showed high values of YR, showed that
yield reduction wunder drought stress
condition was situated, because of their
drought susceptibility and less yield
stability. Similar results were provided by
Saadet al., (2014).

As far as relative performance (P) and
yield index (YI) were concerned, genotypes
such as 18294-01 and 224751-02 were
showed high values followed by 230207-01
and 235243-01,showedthat they were found
drought tolerant and yield stable genotypes.
On the other hand genotype like 231340-01
was showed low value of PP and YI followed
by Gobie, characterized as drought
sensitive and as well as poor yield
performance under stress condition. Similar
results were reported by Saadet al., (2014).
Genotype 17187-01 was showed high value
of yield stability index(YSI) followed by
230224-01, 18294-01, 224751-02, 230205-01
and 230207-01(Table 4).So genotypes with
high YSI were expected to have high grain
yield in drought stress environment and
perform poorly under non-stress
environments (Ashrafet al., 2015).The index
indicated perfectly the two genotypes, that
they performed high grain yield under
drought stress condition were 18294-01 and
224751-02). Under similar  condition
Similar result was provided by Ashraf et al.,
(2015), Subhaniet al., (2015).

genotypes like 231340-01, Gobie and 234296-
02 were showed the low value of YSI,
indicated that genotypes were found with
low grain yield under drought stress
condition and high drought sensitive (Table
4).Similar results were reported by Khaliliet
al., (2016).As far as pure line 17187-01 was
concerned, YR and YS were not a good
predictor according to its yield stability and
drought tolerance character, but the
opposite was observed.

Correlation analysis

Pearson correlation analysis between grain
yield and drought tolerance indices, and
within different drought tolerance indices
can be used as criterion to estimate the most
desirable genotypes for drought stress
environments. Pearson correlation
coefficient between drought tolerance
indices and mean yield under stress and
non-stress conditions presented Table 5.

According to the correlation matrix, grain
yield under drought stress (Ys) condition
showed positive correlation with grain yield
under non-stress (Yp) condition (r = 0. 31),
showed that high potential yield under
optimum conditions can be applied in
improved yield under stress condition will
be low. Highly significant and positive
correlation was found between grain yield
under stress (Ys) and non-stress (Yp)
conditions with STI (r=0.83, r=0.78), MP
(r=0.58, r=0.95), GMP(r=0.80, r=0.81) and YI
(r=1.0, r=0.31-ns) respectively, indicated that
drought tolerant genotypes with high grain
yield under stress and non-stress conditions
were discriminated well by existed selected
criteria (Table 5). The indices GMP, MP and
STI were very similar to the selection based
on Yp and Ys, they exhibited strong
correlation with grain yield under both
conditions ((except MP with Ys, r=0.58).
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Table 5. Correlation coefficients between yield of non-stress (Yp), stress (Ys) and drought
stress tolerance indices for 16 barley genotypes

Varia Yp Ys STI TOL MP GMP  SSI YR P YI YSI
bl
Ys 0.31ns
STI 0.78™  0.83™
TOL 093 - 0.49ns
0.07ns

MP 0.95™  0.58" 0.93™  0.77"
GMP  0.81™ 0.80"  0.99™ 0.54" 0.95™

SSI 0.74" - 017» 093" 0.51" 0.23ns
0.39ns
YR 074~ - 017~ 093" 0.51 0.23n  1.00™
0.39ns
P -0.74™ 039 - - -0.51" - - -
0.17»  0.93™ 0.23»  1.00™  1.00™
YI 031 1.00™ 083" - 0.58 0.80" - - 0.39ns
0.07ns 0.39ns  (0.39ns
YSI -0.74™  0.39ns -0510 - - 1.00™  0.39ns

0.17»  0.93™ 0.23»  1.00™ 1.00™

* k%

ns, and *** : Non-significant and significant at 5% , 1%, 0.1% probability levels , respectively.
YP -Yield under non-stress condition, YS - Yield under water stress condition, STI - Stress
tolerance index, TOL - Tolerance index, MP - Mean productivity, GMP - Geometric Average
productivity, SSI - Stress susceptibility index, YR - Yield reduction ratio, YI - Yield index, YSI -
Yield stability index

Grain yield under stress (Ys) and non-
stress (Yp) conditions were showed non-
significant negative and highly significant
positive correlations with TOL (r=-0.07
r=0.93) respectively. It indicated that TOL
can be taken as desirable criteria, since it has
a low value with Ys.

Correlations among STI, MP, GMP and
YI were showed similarly highly significant
positive correlation, so they were identified
as the most desirable predictor and
appropriate indices for screening drought
tolerance genotypes (Table 5).Similar results
were reported by Ashraf et al., (2015) and
Khalili et al. (2012). STI was calculated based
on GMP and thus rank correlation between
STI and GMP was almost equal to 1.Its
correlation with grain yield under stress (Ys)
condition was better than grain yield under
non-stress (Yp) condition (r=0.83 and r =
0.78, respectively) (Table 5).Hence STI was
found more desirable and powerful index
for drought tolerance. The current study

results were coincided with (Nazari and
Pakniyat, (2010).

Yl was showed positive and non-
significant correlation with YSI and P
(r=0.37).They all have similar selection
direction to identify drought tolerant
genotypes, and due to that they showed
similar correlation between them (Table 5).
But except YI, the rests were not showed
significant and positive correlation with Ys
and Yp (r=0.39 and r=-0.74 respectively). So
they were failed to use them as desirable
and effective drought tolerance indices.YSI
was showed highly significant and perfectly
negative correlation with SSI and TOL (r= -
0.93 and r= -1) respectively. Thus, a high
value of this index is desirable and selection
for this parameter (YSI) would also tend to
favour low yielding genotypes. They can be
used interchangeably depending on the
direction of selection that a breeder
demands to follow.

TOL was showed highly significant
positive correlation with SSI (r=0.93).Thus,
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these indices can be considered as to reflect
the similar information, which means that
less drought susceptible genotypes were
comprised the low value of TOL and SSI.SSI
was showed perfectly positive correlation
with YR (r=1.0). They all have similar
selection direction, that the highest values of
these indices the highest drought
susceptibility and vice versa. Both SSI and
YR were showed non-significant negative
correlation (r=-0.37) and highly significant
positive correlation (r=0.74) in similar
direction with Ys and with Yp respectively
(Table 5). Thus, these indices were not
useful for discriminating genotypes under
stress and non-stress conditions. Similar
result was provided by Jalil Ajalli and Salehi
(2012).SSI was depicted perfectly negative
correlation with P (r=-1.0) and YSI (r=-1.0)
and as well as non-significant negative
correlation with YI (r=-0.39). High values of
P, YSI and YI are indicators of drought
tolerance, whereas SSI is an indicator of the
opposite ones. YR was showed perfectively
negative correlation with P (r=-1.0), YSI (r=-
1.0) and non-significant negative correlation
with YI (r=-0.39), indicated that YR has an
opposite selection direction with P, YSI and
YL

were found drought sensitive groups.
Almost all genotypes were showed low STI,
MP, GMP, YI and YSI but with moderate to
high TOL, SSI and YR. Under Cluster 3,
four genotypes were included like230224-01,

Cluster analysis

Cluster analysis was performed based on
squared Euclidean distance to classify the
genotypes on the basis of drought tolerance
indices and grain yield under drought stress
and non-stress conditions(Ttable 6, and Fig.
1).Cluster analysis was showed that the
most accepted groups of clusters were three
(cluster 1,2, and 3).

Cluster-1: Under this cluster 6 genotypes
were comprised, such as 238367-01, 224751-
02, 230205-01, 230207-01, 18294-01 and
235243-01, which were found with moderate
to high value of STI, MP, GMP and YI. In
general genotypes under this cluster were
found yield stable and drought tolerant
under both conditions, but 18294-01 and
235243-01 were found the superior ones as
the most desirable genotypes for both stress
and non-stress environments. Under
Cluster-2 also, 6 genotypes were included
like 234353-01, 234296-02, 230206-01, Gobie,
230192-01 and 231340-01, which were
performed moderate to high grain yield
under non-stress condition, but low grain
yield under drought stress condition. They

242579-01, 230172-02 and 17187-01 which
were found drought susceptible and low
yielder under both (Ys and Yp) conditions.
Similar results were provided by Samah
Mariey and Rania Khedr (2017).

Table 6. Number of clusters and included accessions under each cluster for 16 genotypes

Cluster Number Genotypes/Treatments

1 6 (37.5%) 238367-01, 224751-02, 230205-01, 230207-01, 18294-01, 235243-01
2 6 (37.5%) 234353-01, 234296-02, 230206-01, Gobie, 230192-01, 231340-01

3 4 (25%) 230224-01, 242579-01, 230172-02, 17187-01

TRT: 1-238367-01, 2-234353-01, 3-234296-02, 4-230224-01,
5-242579-01, 6-18294-01, 7-230192-01, 8-231340-01
9-235243-01, 10-230206-01, 11-224751-02, 12-17187-01

13-230205-01, 14-230207-01, 15-230172-02, 16-GObie (No. of TRT=No of Genotypes displayed

dendrogeram below)

on
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Plot of the Tirst and the second principal components
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Figure.l.Dendrogeram of Ward’s hierarchical clustering of 16 barley genotypes ranks based on
drought resistance indices and yield of stress and non-stress conditions

Principal component analysis (PCA)

Principal component analysis of the first
principal component (PC1) and second
principal component (PC2), which were
contained about 99.58% of the total variation
(Table 9). The first principal component
analysis (PC1) explained 59.73% of the
variation with high positive values for Yp,
STI, MP, GMP, TOL, SSI and YR, but Ys and
YI with least positive values, and negative
values with P and YSI as shown in Table 7.
Therefore, the first principal component
was described as stress sensitive component,
which could discriminate the tolerant
genotypes from sensitive ones. Genotypes
under this component like 231340-01, Gobie,
230206-01, 234296-02, 234353-01 and 230192-
01 were showed high grain yield under non-
stress condition, but low under drought
stress condition. In general genotypes were
found drought sensitive ones with high TOL

and SSI (Table 9, Fig.1) with compared to
PC2.

The second principal component (PC2)
explained 39.85 % of the total variability
which was positively correlated with Yp, Ys,
STI, MP, GMP, P, YI and YSI, and
negatively correlated with YR, SSI and TOL
as shown in Table 7. So the genotype with
high and positive value of this component
showed high yielding in non-stress and
drought stress conditions as shown on table
9. Gentypes like 18294-01, 235243-01,
238367-01, 224751-02, 230205-01 and 230207-
01 were exhibited yield stable and low
drought susceptible under both conditions
with highly correlation of Ys, STI, MP, GMP
and YI, but with low TOL and SSI. Therefore
the PC2 can be named as the yield stable
and drought tolerance component.Similar
results were provided by Samah Mariey and
Rania Khedr (2017).
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Table 7. Principal component analysis for Yp, Ys and stress tolerance indices of 16 barley

genotypes
Variable Prinl Prin2 Prin3 Prin4 Prin5
Yp 0.38 0.11 0.37 0.21 -0.11
Ys 0.03 0.47 -0.33 0.23 -0.25
STI 0.24 0.37 0.08 -0.87 -0.18
TOL 0.38 -0.07 0.52 0.13 -0.02
MP 0.33 0.24 0.21 0.26 -0.20
GMP 0.26 0.36 -0.08 0.03 0.87
SSI 0.34 -0.23 -0.26 -0.04 0.04
YR 0.34 -0.23 -0.30 -0.03 0.03
P -0.34 0.23 0.26 -0.02 0.23
YI 0.03 0.47 -0.33 0.23 -0.20
YSI -0.34 0.23 0.30 0.03 -0.03
Eigenvalue 6.57 438 0.04 0.01 0.00
Variance % 59.73 39.85 0.00 0.00 0.00
Cumulative  59.73 99.58 100.00 100.00 100.00

Table 8. PCA communalities grain yields (Ys and Yp) and drought indices

Final Communality Estimates: Total = 10.954

Yp Ys STI TOL MP

GMP | SSI YR P YI YSI

0994 | 099 | 0.994 0.990 | 0.998

0999 | 0997 | 099% | 0.997 0.996 0.99

As on table 8 was shown the principal component analysis(PCA) outputs were found under
similar communalities for grain yields under both conditions and drought indices. In PCA, all
the variables were given all most the same weightage during the extraction process (Table 8).

Table 9.Values of Principal components for 16 barley genotypes

Genotype Prinl Prin2 Prin3 Prin4 Prin5
17187-01 -5.65 -1.76 0.45 -0.12 0.00
23022401 -2.88 -1.69 -0.16 -0.01 -0.01
242579-01 -2.07 -2.18 -0.36 -0.08 0.00
23020701 -2.01 2.03 0.07 0.17 -0.01
230172-02 -1.89 -0.98 -0.04 0.06 0.00
230205-01 -1.33 1.54 0.02 0.14 0.02
224751-02 -1.10 217 -0.06 0.07 0.01
238367-01 -0.02 1.12 -0.15 0.00 0.02
235243.01 0.87 3.15 -0.07 -0.11 -0.01
18294-01 0.93 418 0.07 -0.12 -0.03
230192-01 1.10 -1.69 -0.28 -0.03 0.00
234353-01 2.02 -0.64 -0.04 -0.01 0.02
234296-02 2.48 -1.02 0.01 0.01 0.01
230206-01 311 -0.09 0.17 -0.06 0.04
Gobie 3.21 -1.25 0.22 0.02 0.01
231340-01 3.22 -2.88 0.15 0.07 -0.06

prin: principal component, Yp and Ys: yield
under non-stress and stress respectively,
TOL: tolerance index, MP: mean
productivity, ~GMP: geometric mean

productivity, SSI: stress susceptibility index,
YR: yield reduction ratio, P: relative
performance, YI: Yield index, YSI: yield
stability index
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The selection of genotypes with high PC1
and PC2 can be more suitable for non-stress
(Yp) and drought stress (Ys) of 16 barley
genotypes under both conditions.
Therefore, the 18294-01 and 235243-01 with
high PC1 and PC2 can be more suitable pure
lines for drought stress and non-stress
conditions (Table 9, Fig. 1) and genotypes
like 17187-01, 230224-01, 242579 and 230172-
02 with low PC1 and PC2 were identified as
highly drought stress susceptible genotypes
with low yield stability. These results are in
agreement with the findings of Samah
Mariey and Rania Khedr (2017), Jalil Ajalli &
Salehi (2013) and Sharafi et al. (2013).

CONCLUSION AND
RECOMMENDATION

Analysis of variance, mean yield
performance and drought tolerance indices
were performed to estimate the yield
stability and drought e ability of
barley pure lines. Com. of values of
indices with correlation coefficient was used
to determine the most effective and
powerful indices to identify desirable
genotypes under both conditions. STI, GMP
and MP were the most powerful and
effective drought tolerance indices preferred
to select drought tolerant and yield stable
genotypes. Cluster and principal component
analyses were performed to classify
genotypes into  well-defined  groups.
According to cluster and principal
component analyses, three clusters and two
principal components were subjected to
identify genotypes with their drought
tolerance and yield base similarities.
Identified pure lines under the first cluster
and as well as under second principal
component were found yield stable and
drought tolerant group. From this
groupl8294-01 and 235243-01 were found
the superior pure lines fitted for both
conditions followed by 224751-02, 230205-01
and 230207-01. Therefore, the current study
indicated that there will be a wide
opportunity to utilize the most desirable
pure lines towards improvement of drought
tolerance and yield stable barley varieties
using  different  breeding  programs.
Especially the two superior pure lines can be

recommended for their desirable characters
by using them as a parent for hybridization
program. However, further investigation
and identification of the desirable pure lines
at afield level by the aid of marker assisting
selection (MAS)can be recommended to be
taken into consideration.
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