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ABSTRACT

Barley breeders need to achieve the aim of developing genotypes that will
maximize yield under unfavorable conditions which could be realized through selection
for broad and specific adaptation by using different breeding methods to develop superior
cultivars. This investigation was initiated to assess the effectiveness of four selection
methods, i.e. bulk selection method (BM), modified bulk selection method (MBM),
pedigree selection method (PM)and single seed descent selection method (SSDM) applied
in the early segregating generations of 10 diverse six-rowed barley crosses to improve
yield and its components. The six-rowed barley selected populations were grown under
two different rainfed conditions at Izraa Agricultural Experiment Station of ACSAD,
Daraa governorate, Syria and Kafrdan Agricultural Experiment Station of ACSAD,
Begaa governorate, Lebanon for three successive seasons (2016/17, 2017/18 and
2018/19) to compare the efficiency of four selection methods. Results of analysis of
variance and combined analysis showed significant and/or highly significant differences
among lines derived from the ten populations and the four methods of selection for all
studied traits and the interaction between selection methods x genotypes were highly
significant for all studied traits. Mean performance of selected genotypes for the two
selection methods SSDM and PM recorded the highest values in the ten populations and
were significantly superior to BM and MBM methods. MBM and the SSDM recorded the
highest values of phenotypic variance (¢°p) and genotypic variance (6%g), respectively,
for all studied traits as well as phenotypic variance in SSDM for no. of grains/spike, 1000
grain weight, grain yield/plant and straw yield/plant under both locations in addition to
plant height and no. of spikes/plant under Kafrdan conditions. While, Broad sense
heritability estimates ranged from intermediate to high according to selection method
and population in all studied traits. Meanwhile, values of genetic advance and genetic
gain were lower in the two methods of selection BM and MBM compared to those of PM
and SSDM for all traits under Izraa and Kafrdan conditions. Results indicated that
visual selection for yield by PM and/or SSDM seemed to be an effective under both
locations than the other two methods and selected promising lines from the three
populations 3, 5 and 7 at early generation for testing in barley could led to improved
higher yielding and more tolerant lines under semiarid conditions.
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INRRODUCTION
Barley (Hordeum vulgare L.) was one of the first domesticated crops
and has been used as a regular source of food, being part of several links in
the food industry, major raw material for malting and brewing industries
(Cattivell et al 1994) and occupies the fourth position in area and the third
position in crop production. Also, barley is widely grown under arid and



semi-arid regions in the world which produced 140.6 million MT in 2018/19
(Statista 2019). The Arab world production reached 7.6 million MT which
mainly produced under rainfed areas and in the newly reclaimed saline soil
lands, the following Arab countries produce the most of barley production,
Algeria, Syria, Irag, Morocco, Tunisia and Egypt (2.05, 2.0, 1.6, 1.0 and
0.108 million MT, respectively) in 2018/19 (World Agricultural Production
2019).

Breeding for drought resistance based on direct selection for grain
yield in the target environment (empirical or pragmatic breeding) appears to
be the most obvious solution. Several selection methods were used to select
adapted material with desirable properties. This approach faces two major
problems; first one, the precision of the yield trials conducted under drought
conditions, and secondly, the existence of several target environments, each
characterized by its own specific type of drought and combination of stress
(Ceccarelli and Grando 2002). Quantitative genetic inheritance for yield
provides much of the frame work for the design and analysis of selection
methods used within breeding programs (Falconer and Mackay 1996, Allard
1999, Cooper et al 1999 and Sayd et al 2019). Various methods are used to
obtain high performing inbred lines in the breeding of self-pollinated crops.
Selection can be applied in different stages of the breeding process and with
varying intensities Van Oeveren (1993). Breeding methods play a major role
in developing high yielding cultivars under biotic and abiotic stresses
causing reductions in crop vyield, particularly in new reclaimed area
(Greveniotis et al 2018). When the breeding program serves a target
population of very diverse environments, where genotype by environment
interactions are expected to be large, selection should be for specific
adaptation (Ceccarelli 1996).

Genetic improvement of crops can be considered as directed
evaluation acting on the existing genetic variability in the germplasm.
Improvement of grain yield can be done by direct selection on single plant
basis in early generation or field plot basis in late generations. So, the
breeders need information about nature of gene action, heritability,
inbreeding depression, heterosis and predicted genetic gain from selection
(Ag) for yield and yield components (Habouh 2019). Observed differences
in response to phenotypic selection based on selection methods depending
on the traits and cross involved (Turcotte et al 1980). Although bulks
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selection method of heads will generate families with head-rows,
homozygosity needs much more time as compared to the bulk, Pedigree and
single seed descent selection (SSD) methods, where selection is shortly
operated from the Fs; however, early selection was practiced to speed-up the
breeding program (Medimagh et al 2012). The consistent difficulties
observed in the breeding work are indicated to separate the additive from the
non-additive effects in F> generation (EL-Refaey et al 2015). As such, yield
performances might be investigated from the Fs (Shakoor, 1983). Hence,
consideration of quantitative approaches for exploitation of the genetic
variability and estimates of genetic parameters serve as a base for selection
of genotypes and hybridization since degree of variability for a given
character is a basic prerequisite for its improvement (Necdet Akgun 2016).
Ghimire and Mahat 2019 and Yadav et al 2019 found that broad sense
heritability values varied under stress conditions from intermediate to high
accompanied with high genetic advance for grain yield and its components
in barley.

This investigation was initiated to assess the effectiveness of four
selection procedures, i.e., pedigree selection (PS), bulk selection (BS),
single seed descent selection (SSD) and modified bulk selection (MBS)
applied in the early segregating generations (F2, Fz and F4) of 10 barley
crosses to improve yield and its components of diverse population under
semiarid regions.

MATERIALS AND METHODS

This study was carried out during the three successive seasons, i. €.,
2015/2016, 2016/2017 and 2017/2018, under rainfed conditions at two
regions; lzraa Agricultural Experiment Station of ACSAD, Daraa
governorate, Syria (32.8449° N, 36.2251° E) semi-dry location and kafrdan
Agricultural Experiment Station of ACSAD, Bekaa governorate, Lebanon
(34.017° N, 36.050° E) sub-humid location. Bulk method (BM), Modified
bulk method (MBM), Pedigree method (PM) and single seed descent
method (SSDM) were practiced in 18 six raw barley populations produced
from 10 crosses which were chosen from six raw barley breeding program at
ACSAD based on their genetic diversity and performance under field
conditions. The pedigrees of the parents of the 18 barley populations are
given in (Table 1).
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Table 1. The pedigree, source and origin of the parental genotypes (G.)

of the 10 barley populations.
G Source Pedigree a_nd/or selection G. Source Pedig_ree a_nd/or
history selection history
Population 1 Population 2
Line-1 | ACSAD ACSAD1644 Line-1| ACSAD ACSAD1644
BARBARA/4/BACA
”S”/3/AC253//C1088
Line-2 [ICARDA %ti%i’?ﬁiﬁ“gﬁ;ﬂ%’%\év Line-3|ICARDA |87/C105761/5/BARB
ARA/4/BACA’S’/3/A
C253
Population 3 Population 4
Line-4 [ICARDA BUCK Line-5| ACSAD ACSAD 1632
M8.88/E. ACACIA//MSEL
Line-1 | ACSAD ACSAD1644 Line-6| ACSAD ACSAD 1640
Population 5 Population 6
Line-7 | ACSAD ACSAD 1630 Line-1| ACSAD ACSAD 1644
RHN-03/6/80-
5132/4/BERA'S'/CEL//
OKSAMUT/3/ ORE'S'/5/
GLORIA'S'/
Line-8 [ICARDA|COPAL'S'LIGNEE 640 /7/|Line-9| ICARDA| ETHIRA/B/69-2
ARIZONA5908/ ATHS//
AVT /ATTIKI
/3IS.TBARLEY /4/ATHS/
LIGNEE 686
Population 7 Population 8
Line-5 | ACSAD ACSAD 1632 L'lrée' ACSAD |  ACSAD 1700
Line-6 |ICARDA 9C7-1 L |ICARDA| LITANIMUNDAH
Population 9 Population 10
Line-12| ACSAD ACSAD 1460 L|2r17e- ICARDA IPA7
Line-13|ICARDA 9C7-1 lerée- ACSAD |NK1272/JLB70 -63

ICARDA; International Center of Agricultural

Syria.

Research in the Dry Areas,

ACSAD; Arab Center for the Studies of Arid Zones and Dry Lands, Syria.
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Sowing date was 15, 13 and 18 November in the three seasons,
respectively, while plot area was of 5 x 5 m. The recommended dose of
phosphatic fertilizer at rate (50 kg P.Os/fed) was added during seed bed
preparation, whereas nitrogen fertilizer at rate of 60 kg N/fed was applied as
ammonium sulfate (20.5% N) where 1/3 of the amount was incorporated in
dry soil before sowing, 1/3 was added one week before panicle initiation
growth stage 18 and the rest was added at grain filling period growth stage
50 of Zadoks' scale (Zadok et al 1974).

Meteorological data presented in Table (2) show that the
temperature, relative humidity, solar radiation and amount of rainfall every
10 days in both seasons. However the precipitated rain amount reached
163.45, 181.60 and 215.45mm under the first site and 427.80, 475.33, and
590.51mm in the three seasons, respectively.

Table 2. Monthly average weather data at the two sites lzraa and
kafrdan during three growing seasons 2016/17, 2017/18 and

2018/19.

Season (2016-2017) Season (2017-2018) Season (2018-2019)
2 Month T+ (C Amount L Amount L1 C Amount
% Max. | min. | Rainfall | oo vin, | Rainfall | e | vin, | Rainfall
(mm) (mm) (mm)

November | 21.42 111,34 2.08 23.80 | 12.60 2.31 21,64 11.70 417
December | 15.40 | 8.87 6.30 17.11 | 9.86 7.00 16.90 | 10.28 11.00
o—January | 11.14 | 6.08 34.68 13.10| 7.15 40.80 1125 8.14 35.00
«| Februarv | 13.15 | 459 35.70 1547 | 5.40 42.00 1419 | 3.22 67.28
N March |19.30 | 5.87 2.55 22.70 | 6.90 3.00 18.63 | 5.81 45.00
Aoril | 22.07 | 8.93 12.75 25.96 | 10.50 15.00 2362 | 11.15 34.00
May 25.95 |11.86 64.35 28.83 | 13.18 7150 29.44 | 15.09 19.00
June 3251 [15.61 0.00 36.12 | 17.34 0.00 35.65 | 18.70 0.00

Mean 20.60 | 9.33 | Tot. =163.45 | 22.89 | 10.37 | Tot. =181.60 | 21.41 | 10.51 | Tot. =215.45
November | 27.85 [13.61 6.24 3094 | 1512 6.93 2597 | 14.04 1251
December | 18.90 |10.06 17.85 22.24 111.832 21 2028 | 12.34 33.00
S| January | 14.48 | 7.29 104.04 17.03 | 8.58 122.4 1350 | 9.77 105.00
S| February | 17.09 | 5.51 107.10 20.11| 6.48 126 17.03 | 3.86 187.00
G__March | 25.08 | 7.04 7.65 2951 | 828 9 22.36 | 6.97 94.00
X April [30.38 1134 40.50 3375 12,6 45 28.34 | 13.38 102.00
Mayv 33.73 1423 130.50 37.48 [15.816 145 353311811 57.00
June 42.26 |18.73 0.00 46.96 | 20.808 0 42.78 | 22.44 0.00
Mean 26.78 111.20] Tot. =427.80 | 29.75 | 12.44 | Tot. =475.33] 25.70 | 12.61 [ Tot. =590.51

T. = Temperature

In the 1% season, 2000 plants were selected from F in each site and
were grown in non replicated plots of each Fs population. Each plot consists
of 15 rows, 5 m long, 30 cm apart and 10 cm between plants within rows.
Lodged, unprotected and bird damaged plants were discarded. At maturity,
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plants were individually harvested and threshed. Data were collected on 800
harvested plants of each population. The selection was practiced twice in
season, at heading and at maturity stages and intensity was 10% for yield
and its components and 80 plants were selected and subjected to the four
breeding methods in the two sites.

In the Bulk method (BM) method, the remaining unselected Fs3
plants, plus the remaining grains from the selected F3 plants were mixed to
form the population seed bulk for each population. A random sample of
mixed grains was space-planted as Fs4 generation during 2017/18 season.
Grains of each population plants were kept separately to be raised as Fs
generation in the final evaluated trail during 2018/19. While, in the modified
bulk method (MBM) method, one spike from each selected Fz plant from
each population was bulk harvested and threshed to form the population
seed bulk. A random sample of bulked seed of each population was space-
planted as Fs generation during the 2" season. Selection was practiced on
the basis of 60 plants per each population. Grains of each selected plants
were kept separately to be raised as Fs generation.

For pedigree method (PM), each of selected 80 plants in F3 for each
population was sown in a separate row as F4 families during 2017/18 season
in randomized complete design with three replications in the two sites.
Selection between and within families was practiced. 10 families and the
best plant within each selected family were selected from each population to
be raised as Fs families in the final evaluation trial during 2018/19. Further,
in the single seed descent method (SSDM), one grain was taken from 800
plants from F, population and planted during 2016/2017 season as F3
generations. One grain was taken from each plant to be grown as Fs
generations during the growing season of 2017/2018. Similarly, 60 plants
were selected from each population and were harvested individually. Grains
from each plant were kept and planted separately as Fs plants during
2018/2019 season.

In the 3™ season, sixty Fs lines for each population and each
selection method were sown in a randomized complete block design with
three replications. Each plot was represented by one row; a row was 5 m
long, 30 cm apart and 10 cm between hills within row. At maturity 60
guarded plants were selected and the following data were recorded; Number
of days to heading and maturity (days), plant height (cm), number of
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spikes/plant, number of spikletes/spike, number of grains/spike, 1000 grain
weight (g), grain yield/plant (g) and straw yield/plant (g) for each genotype.

Data for mean of 60 plants of ten crosses for each population and
each method were subjected to analysis of variance by GenStat- 7™ ed.
(GenStat 2004) computer program in randomized complete blocks design
(RCBD) to compute the genetic parameters and variability in each method
according to Snedecor and Cochran (1989). The combined analysis was
performed among methods and the least significant difference (L.S.D) test at
5% level of probability was used to compare among means. Genotypic
coefficient of variation (GCV) and phenotypic coefficient of variation
(PCV) were calculated using the following formula as suggested by Burton
(1952).

GCV= Jo?g /x)=10and PCV = (J/o?ph /x)*100
(Where, 6%, c%n are the genotypic and phenotypic variances, respectively
and x = lines mean performance of each trait)

Heritability was estimated in broad sense by using following formula
as suggested by Lush (1940). Heritability in broad sense (hp?) = og / ¢°
p*100, while genetic gain (GG) was percent expected genetic advance over
the population mean. It was computed using the formula of Johnson et al
(1955) GG= (GA/x) *100.

RESULTS AND DISCUSSION

Analysis of variance

The analysis of variance (ANOVA) and combined analysis for the
60 Fs six raw barley lines derived from the ten populations and the four
selection methods under the two locations are presented in Tables 3 and 4.
Mean squares were significant and/or highly significant for the four
selection methods (S.M.), lines (L.) derived from each population and
interaction S.M. x L. for all traits under study, indicating to the variability
that existed among populations, the presence of wide diversity among lines
and their different responses to method of selection. Similar results were
found by Choo et al (1980), Medimagh et al (2012), Greveniotis et al
(2018), Habouh (2019), Ghimire and Mahat (2019) and Neyhart et al
(2019).
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Table 3. Mean squares due to barley Lines (L.) in 10 populations (P.)
for different studied traits across four selection methods
(S.M.) under lIzraa conditions.

Mean squares

c

2

% SOV | df | Daysto | Daysto Plant No of No of No of 1000 grain Grain | Straw

s 50% 50% height | spikes/ |spikelets/| grains/ Wi r?t( )yield/PIa yield

e heading | maturity (cm) plant spike spike IO ne (9) |/plant (g)
R 2 | 129.51** | 218.70** | 69.60** | 0.15** | 2.13** | 19.11** | 22.68** | 0.18** | 2.01**

2| sMm. 3 | 6958.75** (11729.10**(3587.50**| 7.40** |115.90** (1000.55**|1129.05**| 8.35** | 103.80**

2

g L 59 | 315.53** | 532.53** | 79.30** | 0.12** | 2.36** | 21.71** | 25.49** | 0.21* | 98.18**

Qo

£ ISM.x L.| 177 | 100.53** | 200.83** |210.12** | 1.10** | 5.00** | 42.05** | 100.05** | 2.01** | 6.12**

Error |531 50.68 85.54 27.24 0.06 0.81 7.39 8.89 0.07 0.69

R 2 | 144.54** | 244.53** | 73.89** | 0.27** | 2.49** | 22.41** | 24.06** | 0.27** | 2.43**

g S.M. 3 | 7237.90** |12142.95**(3876.10**| 12.65** | 131.00** |1177.20**|1254.75** | 12.10** | 109.95**

g L 59 | 711.30** |1202.77**| 97.00** | 0.24** | 2.93** | 26.20** | 28.20** | 0.24** | 34.93**

o

£ |SM.x L.| 177 | 541.18** | 1002.01** | 100.12** | 3.00** | 2.00** | 30.04** | 40.04** | 3.00** | 20.06**
Error |531 56.79 96.16 28.97 0.11 0.98 8.82 9.45 0.11 0.95

R 2 | 158.13** | 267.18** | 79.86™* | 0.47** | 3.30** | 29.79** | 20.61** | 0.45** | 3.27**

S.M. 3 | 8404.10** |14175.70**|4098.15**| 23.00** | 176.15** |1581.85**|1059.95** | 20.24** | 156.26**

59 | 421.94** | 631.90** | 85.67** | 2.50** | 3.53** | 31.86** | 22.07** | 2.48** | 110.42**

Population 3
r

S.M.xL.|177 | 170.83** | 401.30** |200.14**| 0.21* 2.01*%* | 20.05** | 50.04** | 2.00** | 50.24**

Error |531 62.21 105.05 31.40 0.18 1.29 1171 8.08 0.17 1.27

R 2 | 140.76** | 237.93** | 88.95** | 0.39** | 4.20** | 37.80** | 23.12** | 0.36** | 3.86**

S.M. 3 | 7074.05** |11801.60**|4088.55**| 18.85** | 216.17** [1833.05**|1225.80** | 19.18** | 208.08**

59 | 834.51** | 1347.56** | 837.83** | 1.42** | 9.58** |141.35** | 2529** | 0.40** | 138.62**

Population 4
r

SM.xL.| 177 | 701.72** | 502.95** | 761.49**| 1.00** | 5.01** | 100.07**| 20.04** | 0.30** | 50.32**

Error |531 55.29 93.62 34.98 0.15 1.65 14.86 9.07 0.14 1.52

R 2 | 139.86** | 236.42** | 89.88** | 0.27** | 2.07** | 18.65** | 26.46** | 0.29** | 2.45**

S.M. 3 | 7425.55** |12518.49**|4730.97**| 14.74** | 110.55** | 995.49** |1403.90** | 15.13** | 125.89**

59 | 193.27** | 190.82** |155.22** | 0.32** | 2.42** | 21.84** | 31.03** | 0.33** | 35.52**

Population 5
r

S.M.x L.| 177 | 100.32** | 100.55** | 50.17* | 0.20** 1.20* | 10.04** | 20.05** | 0.20* | 6.06**

Error | 531 54.95 92.95 35.33 0.11 0.81 7.33 10.40 0.10 0.96
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Table 3. Cont.

Mean squares
S
§ SOV |[df| Daysto | Days to Plant | Noof | Noof No of 1000 | Grain | Straw
s 50% 50% height | spikes/ |spikelets/| grains/ | grain |yield/Pl| yield
e heading | maturity (cm) plant spike spike |weight (g)| ant (g) |/plant (g)
R 2 [131.50%%| 222.24%% | 79.76%* | 0.41%* | 2.00%* | 17.96%* | 23.44** | 0.36%* | 2.67**
“g S.M. | 3 |6637.23%(11150 57++|4039.18%) 31 g+ 1104.32**|936.19** [1186.14**|23.85**| 158.13**
E| L. |59|72243*| 1220.36%* |158.16%*| 3.95%* | 2.48** | 22.34** | 47.44** | 150** | 9L10%*
S|SM.x L. [177(225.78%* | 443.47** |60.99%* | 3.50% | 1.13** | 11.16** | 18.91%* | 1.18*%* | 2.81%*
Error [531] 51.73 87.38 | 3135 | 016 | 078 7.06 921 | 014 | 1.05
R 2 [127.28%%| 214.87%% | 78.94%* | 0.44** | 2.44%* | 22.06%* | 23.82%* | 0.54%* | 3.58%*
E SM. | 3 |6641.06%|11262 23x+|420541%) 23 15+ |130,59+| 1176.16% 1959, 15+%|17.00**| 182.05**
§ L. |59|1019.61%] 1793.76* | 92.52%* | 1.02%* | 2.84** | 25.88** | 27.90** | 0.88** |170.24**
S1SM.x L. [177/201.73**| 302.88** | 40.15% | 0.50%* | 1.00% | 10.04** | 20.05%* | 0.30%* | 10.27%*
Error [531] 50.08 8454 | 31.03 | 017 | 096 8.67 936 | 013 | 141
R 2 [141.79%%| 239.75%% | 70.21%* | 0.22%* | 2.17** | 19.62%* | 23.44** | 0.19%* | 2.04**
°§ SIM. | 3 |7525:46%|12687.33+*|372148"] 11.43%+ |115.46*| 1047.73" 1241 94+*10.24**| 109.04**
§ L. |59|1128.33%| 1907.65%* | 82.28** | 0.26%* | 2.56** | 22.99** | 27.45** | 0.23** | 97.52**
o
S|S.M.x L. [177/101.90%* | 203.20** | 50.14** | 0.10* | 2.00%* | 10.04** | 20.05%* | 0.10%* | 1.17**
Error [531] 55.79 9432 | 2761 | 008 | 0.85 7.71 922 | 007 | 0.80
R 2 [125.49%%| 212.03%* | 57.67** | 0.36** | 2.63** | 23.63%* | 16.40%* | 0.76%* | 7.26**
g SM. | 3 |6646.31%111302 4g++|3101.57"] 13 09+ |139 28+ 1260.26% | g72 g7+ 12.10%*| 111 31
E| L. |59|27158*| 458.88** |116.31%*| 0.72%* | 7.60** | 68.00** | 47.20%% | 1.74** | 20.78**
o
S|S.M.x L. [177/100.46%* | 100.78** | 50.27** | 0.30** | 2.01** | 11.11%* | 10.08** | 0.50** | 5.03**
Error [531] 49.35 8337 | 2267 | 010 | 1.03 9.29 644 | 010 | 0.89
R 2 [126.72%%| 214.04%* | 64.55%* | 0.63** | 2.03** | 18.26%* | 26.21** | 0.37%* | 3.67**
2 SM. | 3 |6712.06% (11414 83++|343241%] 21,05+* |108.07**| 971.81** [1398.81**19.43**| 140.88**
B L. |59]168.23%%| 284.37** |102.34**| 0.87** | 3.21** | 28.98** | 41.61** | 0.59%* | 99.11**
és.m.x L. [177)100.28**| 100.47** | 40.17** | 0.20%* | 1.01** | 10.05%* | 11.07** | 0.30%* | 2.17%*
Error [531] 49.83 8415 | 2538 | 017 | 0.80 717 | 1030 | 014 | 1.05

*, **: Denote significance at P <0.05 and 0.01 probability level, respectively.
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Table 4. Mean squares due to barley Lines (L.) in 10 populations (P.)
for different studied traits across four selection methods
(S.M.) under kafrdan conditions.

Mean squares

c

2

% SOV | df Days to Plant No of No of No of 1000 Grain | Straw

g Dayst0 50%| “gooq | height | spikes/ |spikelets/| grains/ i jeld/ | yield

8 heading 0 eight | spikes/ |spikelets/| grains grain yiel yie

a maturity (cm) plant spike spike |weight (g)|plant (g)|/plant (g)
R. 2 | 137.34** | 232.14** | 68.49** | 0.21** | 2.91** | 26.25** | 25.,50** | 0.13** | 1.44**

Fg' S.M. | 3 | 7370.65** |12540.60**|3684.35**| 11.35** | 158.00** [1421.55%*(1370.15**| 7.35** | 77.15**

g L 59| 334.65** | 565.22** | 77.88** | 0.24** | 3.30** | 30.09** | 28.67** | 0.15** | 17.70**

c% S.M.x L.|177| 120.47** | 117.94** | 50.12** | 0.11** | 2.01** | 2.08** | 13.05** | 0.11** | 1.02**

Error (531 53.68 90.85 26.78 0.08 1.13 10.27 9.93 0.06 0.57

R. 2 | 153.36** | 259.23** | 79.92** | 0.29** | 4.10** | 36.96** | 24.89** | 0.29** | 2.70**

%‘ SM. | 3 | 8149.90** |13704.65**[4259.45%*| 15.10%* | 218.51** |1951.95%*|1319.85%*| 15.65** | 143.20**

g L. |59 | 754.37*%* |1276.05%*| 93.46%* | 0.33** | 472%* | 43.31** | 29.21** | 0.64** | 84.96**

Qo

S [SMxL.[177| 101.18%* | 242.12%% | 40.12%* | 0.20%* | 3.01** | 2007** | 20.05%* | 0.20%* | 2.13**
Error |531| 6026 10193 | 3140 | 010 160 | 1453 | 978 | 012 | 106

R. 2 | 167.76** | 283.50** | 84.12** | 0.30** | 5.49** | 49.71** | 23.46** | 0.53** | 3.87**

g S.M. | 3 | 8904.50** [15011.10**|4476.40**| 15.05** |293.25** |2642.20**|1240.70**| 28.20** | 205.65**

g L 59 | 522.74** | 883.11** | 90.15** | 0.81** | 5.89** | 53.22** | 25.13** | 0.57** | 166.50**

o

L |SMxL.|177| 102.83** | 241.49** | 50.12** | 0.50** | 4.01** | 30.08** | 20.04** | 0.40** | 3.28**
Error (531 65.91 111.39 33.01 0.12 2.16 19.51 9.21 0.21 1.52

R. 2 | 149.37** | 252.60** | 93.15** | 0.34** | 5.59** | 50.20** | 22.09** | 0.50** | 5.22**

S.M. | 3 | 7938.45%* |13342.90**14911.15**| 18.05** | 296.89** [2696.64**|1165.99**| 26.61** | 279.21**

59 | 1097.40** | 1854.25** [151.68** | 0.37** | 6.11** | 54.93** | 24.13** | 0.54** | 65.48**

Population 4
r

SM.x L.|177 101.77*%* | 243.12** | 50.17** | 0.20** | 3.01** | 40.08** | 21.04** | 0.40** | 3.11**

Error (531 58.76 99.27 36.59 0.13 2.19 19.72 8.69 0.20 1.96

R. 2 | 148.39** | 250.94** |101.64**| 0.34** | 2.28** | 20.67** | 28.39** | 0.32** | 2.81**

S.M. | 3 | 7842.95%* |13292.63**5402.08**| 18.05** | 121.45** |1100.10**|1508.52**| 16.60** | 149.53**

59 | 205.18** | 346.79** [119.12**| 0.40** | 2.68** | 24.17** | 33.36** | 0.37** | 89.03**

Population 5
r

S.M.x L.|177 140.35** | 200.58** | 60.19** | 0.20** | 2.00** | 10.04** | 20.06** | 0.30** | 2.15**

Error (531 58.35 98.67 39.96 0.13 0.90 8.13 11.15 0.12 111
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Table 4. Cont.

Mean performance of barley lines

s Mean squares
g sov df | Daysto | Daysto | Plant | Noof | Noof | Noof 1000 | Grain | Straw
a2 50% 50% height | spikes/ |(spikelets/| grains/ | grain yield/ | yield
o heading [maturity| (cm) plant spike spike |weight (g)|plant (g)|/plant (g)
© R. 2 |139.61**|235.72**| 92.99** | 0.77** | 2.57** | 23.26** | 24.90** | 0.59** | 7.14**
s S.M. 3 |7154.33%|12160.94 |4731.48%| 13.00** |152.60**|1373.05*|1256.85**| 14.36** | 105.22**
é L. 59 |766.13**|1295.26*|148.15%*| 1.33** | 5.21** | 46.70%* | 54.04** | 0.44** |122.73**
S| SIM.x L. | 177 |127.34**|146.23** | 86.05** | 0.50** | 2.31** | 20.82** | 23.53** | 0.29** | 5.29**
| Error |531] 54.91 92.69 36.56 0.10 1.00 9.15 9.79 0.10 0.84
~ R 2 |134.93**|228.07**| 85.02** | 0.31** | 2.97** | 26.64** | 29.90** | 0.33** | 3.42**
s S.M. 3 |7258.48*|12068.54 |4503.06™ | 16.76** |157.44**|1410.74*|1580.60**| 17.41** | 182.43**
g L. 59 |1082.38*(1828.87*| 99.70** | 0.37** | 3.46** | 31.19** | 34.95** | 0.38** | 41.00**
QE,_L S.M.x L. |177|101.83**|203.07**| 70.17** | 0.20** | 2.01** | 24.05** | 26.06** | 0.20** | 2.07**
Error |531| 53.09 89.73 33.42 0.12 1.17 10.47 11.75 0.13 1.34
© R 2 |170.42%*|254.19**| 71.04** | 0.23** | 2.57** | 23.19** | 24.87** | 0.22** | 2.21**
s S.M. 3 |7938.45%|13471.49|3722.06*| 12.10** |136.35%*|1226.54*|1320.12%*| 11.22%* | 117.74**
g L. 59 |1197.25%|2023.45%|123.20**| 0.37** | 2.97** | 27.16** | 29.23** | 0.25** | 26.77**
S| S.M.x L. |177|132.02**|203.39**| 60.14** | 0.13** | 2.00** | 20.05** | 16.05** | 0.20** | 2.05**
“ [ Error |531] 59.19 99.99 27.94 0.09 1.00 9.11 9.77 0.08 0.87
o R. 2 |133.17**|224.93**| 64.35** | 0.32** | 5.00** |45.03** | 20.54** | 0.28** | 2.50**
s S.M. 3 |7037.64*%|12000.45|3403.10%| 16.76** |266.91**|2389.62*| 921.63** | 14.74** | 132.39**
g L. 59 |288.20**(486.90** 185.51**| 0.91** | 14.44** |129.78**| 50.53** | 0.81** | 57.71**
S| SM.x L. |177|120.48**| 96.81** | 60.31** | 0.20** | 2.03** | 31.22** | 17.08** | 0.20** | 2.09**
| Error |531] 5236 88.45 25.30 0.12 1.96 17.70 6.90 0.11 0.98
o R. 2 |134.15%*|226.47**| 62.75** | 0.33** | 2.18** | 19.62** | 27.71** | 0.34** | 2.49**
g S.M. 3 |7106.47*|12027.40|3326.58*| 17.07** |115.16**|1042.51*1460.83**| 18.04** | 131.56**
k= L. 59 |191.61**(323.73**| 99.58** | 1.23** | 3.43** | 31.18** | 46.91** | 0.54** | 91.91**
:g’- S.M.x L. |177|100.32**|150.55** | 50.17** | 0.30** | 2.01** | 14.05** | 24.07** | 0.30** | 2.16**
& | Error |531| 52.74 89.05 24.66 0.13 0.85 7.71 10.90 0.13 0.98
*

**: Denote significance at P <0.05 and 0.01 probability level, respectively.

The mean performance for different barley populations and lines
obtained from four selection methods are presented in Tables (5 and 6).
Results showed significant differences among selection methods and among
populations for all studied traits under lzraa and kafrdan conditions. These
results in agreement with Choo et al (1980), Turcotte et al (1980), Van
Oeveren (1993), Cooper (1999), Medimagh et al (2012), EL-Refaey et al
(2015), Greveniotis et al (2018) and Habouh (2019) who reported
significant differences among breeding methods of selection for yield and
its components.
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Table 5. Mean performance of the ten Fs populations obtained from
four selection methods for different studied traits under lzraa

conditions.
- .
2 Selection P2YS to| Daysto | Plant | Noof | Noof | No of 1000 G.r?('jr/] St_r?év
‘—; election 50% 50% | height [spikes/|spikelets/|grains/ grain | yie Y€
g |methods heading| maturity | (cm) | plant | spike | spike weight| plant | /plant
g @ | @ |
» BM 98.00 12740 | 70.25| 3.37 | 12.47 | 37.42 | 40.60 | 3.72 |12.14
| MBM | 114,66 | 137.13 | 75.62 | 3.62 | 13.43 | 43.78 | 43.70 | 4.00 | 13.07
'% PM 105.49 | 149.06 |82.19 | 3.94 | 1459 |40.28 | 47.50 | 4.35 |14.20
g_ SSDM | 117.60 | 152.88 |84.30 | 4.04 | 14.97 | 4491 | 48.72 | 4.46 |14.57
Q| Mean | 108.94 | 14162 |78.09 | 3.74 | 13.87 |41.60 | 45.13 | 4.13 | 13.49
LSD 1.41 1.83 1.03 | 0.05 | 0.18 054 | 0.59 | 0.05 | 0.18
BM 102.00 | 132.60 |72.94| 459 | 13.39 | 40.18 | 41.62 | 450 | 13.19
2 MBM | 109.79 | 142.73 | 7851 | 494 | 1442 | 47.01 | 44.80 | 4.84 |14.20
'% PM 119.34 | 155.14 |85.34 | 5.37 | 15.67 | 43.25 | 48.70 | 5.26 | 15.43
g_ SSDM | 122,40 | 159.12 | 87.52 | 550 | 16.07 | 48.21 | 49.95 | 5.40 | 15.83
Q| Mean | 11338 | 14740 |81.08 | 510 | 1489 | 44.66 | 46.27 | 5.00 | 14.66
LSD 1.49 1.94 1.06 | 0.07 | 0.20 0.59 | 0.61 | 0.07 | 0.19
o BM 106.67 | 138.67 | 75.83 | 5.81 | 15.43 | 46.29 | 38.53 | 5.69 | 15.36
< MBM | 11482 | 149.26 |81.62 | 6.25 | 16.61 |54.15|41.48 | 6.12 | 16.53
= PM 12480 | 162.24 |88.72| 6.80 | 18.05 | 49.82 | 45.08 | 6.65 | 17.97
é SSDM | 128.00 | 166.40 | 91.00 | 6.97 | 18.51 | 5554 | 46.24 | 6.83 | 18.43
Q| Mean | 11857 | 154.14 8429 | 646 | 17.15 | 51.45|42.83 | 6.32 | 17.07
LSD 1.56 2.02 1.11 | 0.08 0.23 0.68 | 0.56 | 0.08 | 0.22
< BM 100.67 | 130.87 |80.04 | 5.28 | 17.38 |52.15| 40.82 | 5.11 | 16.69
| MBM | 108.36 | 140.86 | 86.16 | 5.68 | 18.71 | 61.02 | 43.94 | 550 | 17.96
'% PM 117.78 | 153.11 | 96.05| 6.18 | 20.34 | 56.14 | 47.76 | 5.98 | 19.52
é SSDM | 120.80 | 157.04 | 93.65 | 6.33 | 20.86 | 62.58 | 48.98 | 6.13 | 20.02
£ | Mean 11190 | 145.47 |88.97 | 5.87 | 19.32 | 57.97 | 45.37 | 5.68 | 18.55
LSD 1.47 1.91 1.17 | 0.08 0.25 0.76 | 0.60 | 0.07 | 0.24
o BM 100.33 | 130.43 |80.39 | 447 | 12.22 | 36.66 | 43.64 | 4.53 |13.28
| MBM | 108.00 | 140.40 | 86.54 | 481 | 13.15 | 42.89 | 46.97 | 4.87 | 14.29
% PM 117.39 | 152.61 |94.06 | 5.23 | 14.30 | 39.46 | 51.06 | 5.30 | 15.53
g SSDM | 120.40 | 156.52 | 96.47 | 5.36 | 14.66 | 43.99 | 52.37 | 5.43 | 15.93
Q1 Mean | 11153 | 14499 |89.37 | 496 | 1358 | 40.75 | 48.51 | 5.03 | 14.76
LSD 1.46 1.90 1.17 | 0.06 | 0.18 0.53 | 0.64 | 0.07 | 0.19
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Table 5. Cont.

c .
2 Selection Daysto| Daysto | Plant | Noof| Noof | No of 1?;?] Giré?('j? Sté?;v
c—:f methods 50% 50% | height [spikes/|spikelets/|grains/ vgei ht ylant /ylant
S heading| maturity | (cm) | plant| spike | spike (g% p(g) p(g)
[a

BM 97.00 | 126.10 | 7536 | 558 | 11.96 | 35.88 | 40.84 | 5.17 | 13.95

MBM | 10441 | 135.73 |81.11 | 6.01 | 12.87 | 41.97 | 43.96 | 5.56 | 15.02

PM |113.49 | 14754 |88.17 | 6.53 | 13.99 | 38.62 | 47.78 | 6.05 | 16.33

SSDM | 116.40 | 151.32 | 90.43 | 6.70 | 14.35 | 43.05 | 49.01 | 6.20 | 16.75

Mean | 107.83 | 140.17 |83.76 | 6.20 | 13.29 | 39.88 | 45.40 | 5.75 | 15,51

Population 6

LSD 1.42 1.85 111 | 0.08 | 0.18 0.53 | 0.73 | 0.08 | 0.20

BM |102.98 | 133.87 |85.18 | 6.63 | 13.53 | 46.60 | 42.40 | 3.74 | 16.76

MBM | 110.23 | 142.11 |81.12| 6.10 | 14.29 | 46.60 | 44.53 | 5.28 | 17.26

PM |113.33| 14891 |93.18| 6.63 | 17.53 | 42.87 | 52.40 | 6.74 | 20.76

SSDM | 114.80 | 149.24 |90.44 | 6.80 | 15.93 | 47.79 | 51.65 | 6.89 |19.24

Population 7

Mean | 110.41 | 143.53 | 86.98 | 6.54 | 15.32 | 45.96 | 47.75 | 5.66 | 18.50

LSD 1.40 1.82 1.10 | 0.08 | 0.19 0.58 | 0.60 | 0.07 | 0.23

BM |101.00 | 131.30 | 71.03 | 3.93 | 1254 | 37.61 | 41.09 | 3.71 |12.13

MBM | 118.17 | 153.62 | 83.10 | 4.60 | 14.67 | 44.00 | 48.08 | 4.34 | 14.19

PM |108.72 | 141.33 |76.46 | 423 | 13.49 | 40.48 | 44.23 | 4.00 | 13.06

SSDM | 121.20 | 157.56 | 85.24 | 4.72 | 15.04 | 45.13 | 49.31 | 4.46 | 14.56

Population 8

Mean | 112.27 | 145,95 | 78.96 | 4.37 | 13.94 |41.81 | 45.68 | 4.13 |13.48

LSD 1.48 1.92 1.04 | 0.06 | 0.18 0.60 | 0.52 | 0.05 | 0.18

BM 95.00 | 123,50 | 64.40 | 4.24 | 13.74 | 41.23 | 34.37 | 4.34 |12.73

MBM | 102.26 | 13294 | 69.32 | 457 | 14.79 | 48.24 | 37.00 | 4.67 | 13.70

PM | 111.15| 14450 | 7535|496 | 16.08 | 44.38 | 40.21 | 5.08 | 14.90

SSDM | 114.00 | 148.20 | 77.28 | 5.09 | 16.49 | 49.48 | 41.25 | 5.21 |15.28

Population 9

Mean | 105.60 | 137.28 | 7159 | 4.71 | 15.28 | 45.83 | 38.21 | 4.83 | 14.15

LSD 1.39 1.80 0.94 | 0.06 | 0.20 0.74 | 0.61 | 0.06 | 0.19

BM 9547 | 12411 |68.15| 556 | 12.08 | 36.24 | 43.42 | 5.14 |13.88

MBM | 102.76 | 133.59 | 73.36 | 5.98 | 13.00 | 42.40 | 48.74 | 5.54 | 14.94

PM | 111.70 | 14520 | 79.74| 6.50 | 14.13 | 39.00 | 50.80 | 6.02 | 16.24

SSDM | 114.56 | 148.93 | 81.78 | 6.67 | 1449 | 43.48 | 50.10 | 6.17 | 16.66

Population 10

Mean | 106.12 | 137.96 | 75.76 | 6.18 | 13.43 | 40.28 | 48.26 | 5.72 | 15.43

LSD 1.39 1.57 1.00 | 0.08 | 0.18 0.53 | 0.63 | 0.08 | 0.20

Pedigree method (PM), modified bulk method (MBM), single seed descent
method (SSDM) and bulk method (BM).
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Table 6. Mean performance of the ten Fs lines obtained from four
selection methods for different studied traits under Kafrdan

conditions.
C .
2 Selection Days to | Days to |Plant| No of | No of | No of 123?] Gi[e?ér/] Stiz?z/jv
c—:f 50% 50% |height|spikes/ |spikelets/|grains/ gre y Y
3| methods - . ; - weight | plant |/plant
o heading |maturity| (cm) | plant | spike | spike
[ (9 | @ |
<l BM 100.94 | 131.22 |70.84| 3.93 | 1468 | 44.03 | 43.08 | 3.17 |10.23
S| MBM | 108.65 | 141.25 |76.25| 4.23 | 15.80 | 51.51 | 46.37 | 3.41 |11.02
= PM 118.10 | 153.53 |82.88| 4.59 | 17.17 | 47.39 | 50.41 | 3.70 |11.97
S| SSDM | 121.13 | 157.47 |85.01| 4.71 | 17.61 |52.83 | 51.70 | 3.80 |12.28
08_‘ Mean | 112,20 | 145.87 |78.74| 4.36 | 16.31 | 48.94 | 47.89 | 3.52 |11.38

LSD 0.05] 1.45 188 [1.02 | 0.06 0.21 0.63 | 0.62 | 0.04 | 0.15
BM 105.06 | 136.58 [75.84| 4.53 | 17.20 [51.61 | 42.33 | 4.65 |13.94
MBM | 113.09 | 147.01 |81.63| 4.87 | 18.52 | 60.39 | 45.57 | 5.00 [15.00
PM 122.92 | 159.80 [88.73| 5.30 | 20.13 | 55.56 | 49.53 | 5.44 |16.31
SSDM | 126.07 | 163.89 [91.00| 543 | 20.65 | 61.94 | 50.80 | 5.58 | 16.73
Mean | 116.78 | 151.82 |184.30| 5.08 | 19.12 | 57.37 | 47.06 | 5.17 |15.50
LSD 0.05[ 1.53 199 111 ] 0.06 0.25 0.75 | 0.62 | 0.05 | 0.20
BM 109.87 | 142.83 [77.81| 4.63 | 19.93 [59.79 | 41.06 | 6.19 |16.71
MBM | 118.26 | 153.74 |183.76| 4.98 | 21.45 | 69.96 | 44.20 | 6.66 [17.98
PM 128.54 | 167.11 |191.04| 541 | 2332 | 64.36 | 48.05 | 7.24 |19.55
SSDM | 131.84 | 171.39 [93.38| 5.55 | 23.92 | 71.75 | 49.28 | 7.43 |20.05
Mean | 122.13 | 158.77 |86.50| 5.14 | 22.15 | 66.46 | 45.65 | 6.88 | 18.57
LSD 0.05[ 1.60 209 |1.14 1 0.07 0.29 087 | 0.60 | 0.09 | 0.24
BM 103.69 | 134.79 |81.89| 4.94 | 20.04 |60.12 | 39.85 | 6.00 |19.40
MBM | 111.61 | 145.09 |188.14| 532 | 21.57 | 70.34 | 42.89 | 6.26 |20.88
PM 121.31 | 157.71 195.81| 5.78 | 23.45 | 64.71 | 46.62 | 7.22 |22.70
SSDM | 124.42 | 161.75 [98.26| 593 | 24.05 | 72.14 | 47.82 | 7.20 | 23.28
Mean | 115.26 | 149.84 |91.02| 549 | 22.27 | 66.82 | 44.29 | 6.67 |21.56
LSD 0.05 1.51 197 [1.20]| 0.07 0.29 0.88 | 0.58 | 0.09 | 0.28
BM 103.34 | 13435 |85.47| 4.94 | 1285 | 3854 | 45.22 | 4.75 |14.24
MBM | 111.24 | 144.61 |92.00| 5.32 | 13.83 | 45.09 | 48.67 | 5.11 |15.33
PM 120.91 | 157.19 [100.00] 591 | 15.03 |41.49 | 52.90 | 5.55 |16.66
SSDM | 124.01 | 161.22 [102.57] 5.80 | 1542 | 46.25 | 54.26 | 5.70 |17.09
Mean | 114.88 | 149.34 |195.01| 5.49 | 14.28 | 42.84 | 50.26 | 5.28 |15.83
LSD 0.05 1.51 196 [125]| 0.07 0.19 0.56 | 0.66 | 0.09 | 0.21

Population 2

Population 3

Population 4

Population 5
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Table 6. Cont.

c .
= Selecti Daysto | Daysto | Plant | No of No of No of 100.0 G.rzlic'j? SV?&’)’
‘—; election| 5oy 50% | height| spikes/ |spikelets/ | grains/ grain | yie yie
2| methods headin turit - - weight | plant | plant
o) g | maturity | (cm) | plant spike spike
o (9) @ | @
© BM 99.91 129.88 | 8151 | 4.32 13.71 41.14 | 4210 | 454 |12.25
= MBM 107.54 | 139.81 |87.73| 4.65 1476 | 48.14 | 4532 | 4.88 | 13.18
= PM 116.89 | 15196 |95.36| 5.05 16.05 | 4429 | 49.26 | 5.31 | 14.33
é_ SSDM 119.89 | 155.86 |97.81| 5.18 16.46 | 49.37 | 5052 | 5.44 | 14.70
21 Mean 111.06 | 144.38 |90.60 | 4.80 1524 | 45.73 | 46.80 | 5.04 | 13.61
LSD0.05| 1.46 1.90 1.19 | 0.06 0.20 0.60 0.62 0.07 | 0.18
- BM 106.06 | 149.87 | 9151 | 557 17.09 51.26 | 52.35 | 5.68 | 18.38
= MBM 11425 | 137.88 |84.19| 5.12 15.72 51.26 | 49.91 | 5.23 | 16.91
s PM 116.33 | 149.87 | 9151 | 557 17.09 47.15 | 56.15 | 5.68 | 18.38
E_ SSDM 118.24 | 153.72 |93.86| 5.71 17.52 52.57 | 55.64 | 5.83 | 18.85
21 Mean 113.72 | 147.84 |90.27 | 5.49 16.85 50.56 | 53.51 | 5.61 | 18.13
LSD0.05| 1.44 1.87 1.14 | 0.07 0.21 0.64 0.68 0.09 | 0.28
o BM 104.03 | 13524 | 7150 | 4.06 13.61 40.82 | 4227 | 391 | 12.66
S MBM 11198 | 14557 |76.96 | 4.38 1465 | 47.76 | 4550 | 4.21 | 13.62
= PM 121.72 | 158.23 | 83.66 | 4.76 15.92 43.94 | 4946 | 458 | 14.81
é SSDM 124.84 | 162.29 |85.80| 4.88 16.33 | 4899 | 50.73 | 4.70 | 15.19
S Mean 115.64 | 150.33 |79.48 | 4.52 15.13 | 4538 | 46.99 | 4.35 | 14.07
LSD 0.05| 152 1.97 1.28 | 0.06 0.24 0.55 0.62 0.06 | 0.23
o BM 97.85 127.21 | 68.07 | 4.77 18.97 56.91 | 3550 | 447 | 1341
= MBM 105.33 | 136.92 |73.27| 5.14 20.42 66.59 | 38.21 | 4.81 | 1443
= PM 114.48 | 148.83 | 79.65| 5.58 22.20 61.26 | 4154 | 5.23 | 15.69
g_ SSDM 117.42 | 152.65 |81.69| 5.73 22.77 68.30 | 42.60 | 5.37 | 16.09
S Mean 108.77 | 14140 |75.67 | 5.30 21.09 63.27 | 39.46 | 4.97 | 1490
LSD 0.05| 1.43 1.61 0.99 | 0.09 0.28 0.83 0.52 0.07 | 0.17
o BM 98.18 12764 | 6720 | 4.91 12.53 3759 | 4462 | 4.95 | 13.36
Z| _MBM 105.68 | 137.39 |72.33| 5.29 13.49 43.98 | 48.03 | 5.33 | 14.39
2 PM 114.87 | 149.34 | 78.62| 5.75 1466 | 4046 | 5220 | 5.79 | 15.64
% SSDM 117.82 | 153.17 |80.63 | 5.89 15.04 | 45.11 | 5354 | 5.94 | 16.04
§ Mean 109.14 | 141.88 | 74.69 | 5.46 13.93 | 41.79 | 49.60 | 5.50 | 14.86
LSD0.05| 1.76 1.86 1.20 | 0.06 0.22 0.67 0.80 0.07 | 0.24

Pedigree method (PM), modified bulk method (MBM), single seed descent
method (SSDM) and bulk method (BM).

For the two traits days to (50%) heading and maturity, the BM
selection method had the lowest values under both locations. The two
populations 9, and 10 included the earliest lines which registered mean
values (95.00 and, 95.47 in the 1% location and 97.85 and 98.18 days in the
2" Jocation for days to heading) and (123.50 and 124.11 in the 1% location
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and 123.50 and 124.11 days in the 2" location for days to maturity),
respectively (Tables 5 and 6). With respect to plant height, the two methods
of selection BM and MBM had the lowest values for different populations
under the two locations under study. While, PM and SSDM had the highest
values (96.05 and 96.47 cm) in the two populations 4 and 5, respectively
under lzraa conditions, as well as populations 5 (102.57 cm) for SSDM
under kafrdan conditions.

Regarding to No. of spikes/plant results revealed that the PM and
SSDM were superior in most populations under the two locations. The
Population 3 registered the highest No. of spikes/plant (6.80 and 6.97
spikes/plant) for PM and SSDM, respectively and population 7 (6.80
spikes/plant) for SSDM under lIzraa conditions, in addition to population 3
and 10 (5.93and 5.89 spikes, respectively) for SSDM and population 5 (5.91
spikes/plant) for PM under kafrdan conditions. Average No. of
spikelets/spike and No. of grains/spike showed that the PM and SSDM were
superior in the ten populations under both locations and recorded the highest
means for population 4 (20.34 and 20.86 spikelets/spike and 56.14 and
62.58 grain, respectively) under lIzraa conditions, as well as the two
populations 3 and 4 which had values ranging from 23.32 to 24.05
spikelets/spike and from 64.71 to 72.14 grains/spike, respectively under
kafrdan conditions (Table 5 and 6).

For 1000 grain weight, the superior performance of the Fs lines
selections were obtained by both PM and SSDM in the one or both
populations 5 and 7 under lIzraa and kafrdan conditions. Regarding to grain
yield/plant, averages exhibited significant differences between the four
methods of selection, lines developed by both PM and SSDM in the two
populations 3 and 7 ranging from 6.65 to 6.89 g. under the 1% location and
in the two populations 3 and 4 ranging from 7.20 to 7.43 g. under the 2nd
location. Meanwhile, for straw yield/plant, the two populations 3 and 7 had
the highest values for both PM and SSDM ranging from 19.24 to 20.76 ¢
under lIzraa conditions as well as population 4 recorded 22.70 g for PM and
23.28 for SSDM under kafrdan conditions (Table 5 and 6).

The obtained results indicate that visual selection for yield by PM
and/or SSDM seemed to be an effective under both locations than the two
other methods and selection promising lines at early generation for testing in
barley could be led to improved higher yielding and more tolerant lines
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under semiarid conditions. Similar findings were reported by Choo et al
(1980), Tapsell and Thomas (1983), Van Oeveren (1993), Eshghi et al
(2011), EL-Refaey et al (2015), Arshadi et al (2018), Habouh (2019) and
Sayd et al (2019).

Variance, broad sense heritability, genetic advance and genetic gain

Variance is considered one of the most important factors for
efficiency of breeding methods. The obtained values of phenotypic and
genotypic variances as well as GCV and PCV were very close for most
studied traits which strengthens the greater contribution of selection
methods or genotypes rather than environment, so that selection can be
operated very well based on the phenotypic values for each trait. Results
showed that MBM and the SSDM recorded the highest values of phenotypic
variance (o’p) and genotypic variance (c%g) respectively, for all studied
traits as well as phenotypic variance in SSDM for No. of grains/spike, 1000
grain weight, grain yield/plant and straw yield/plant under both locations in
addition to plant height and No. of spikes/plant under kafrdan conditions
(Tables 7 and 8).

The PCV% was higher than the corresponding GCV% for all the
traits which might be due to the interaction of the genotypes with the
environment to some degree or other denoting environmental factors
influencing the expression of these characters. Data presented in Tables 7
and 8 revealed that the two breeding methods BM and MBM had the highest
values of PCV% for all traits, while SSDM followed by PM had the highest
values of GCV% for all traits under the two locations. These results are in
agreement with those obtained by Eshghi et al (2011), Akanska et al (2012),
Vinesh et al (2018) and Ghimire and Mahat (2019).

In the current study, intermediate to high heritability estimates were
obtained for four selection methods for all the 9 quantitative traits studied
under both locations (Tables 7 and 8). Broad-sense heritability estimate was
the highest for SSDM for days to 50% heading and maturity, plant height,
No. of spikes/plant, No. of spikelets/spike, No. of grains/spike, 1000 grain
weight, grain and straw yield/plant under the two locations ranging from
90.73% days to 50% maturity to 98.85% for straw yield/plant under Izraa
and kafrdan locations respectively. These results are in accordance with the
findings of Akanska et al (2012), Vinesh et al (2018), Ghimire and Mahat
(2019), Neyhart et al (2019) and Yadav et al (2019).

115



Table 7. Phenotypic variance (o?p), genotypic variance (o°Q),
phenotypic coefficient of variance (PCV), genotypic
coefficient of variance (GCV), broad sense heritability (hb?),
genetic advance (GA) and genetic gain (GG) for four
selection methods under Izraa conditions.

é Daysto| Daysto | Plant | No of No of No of 100.0 G.r?('jr/' St_rz?(\;v
< |Parameters| 50% 50% | height| spikes/ | spikelets/ | grains/ grain | yie yie
§ heading | maturity | (cm) | plant spike spike weight| plant | /plant
9 | @ | @

X 100.81 | 131.05 |74.66| 4.95 13.67 25.64 |41.33| 4.76 | 14.21

a’g 31.30 5410 |[73.11] 1.85 8.26 29.73 |1749| 1.11 | 6.17

() 49.11 81.78 [80.84| 245 9.66 33.36 [23.99] 1.39 | 9.11

s | GCV% 5.55 5.61 1145 | 27.49 21.02 21.26 |10.12|22.12 | 17.47
0| PCV% 6.95 6.90 12.04 | 31.64 22.73 2253 |11.85|24.75|21.24
hn?% 63.74 66.15 |90.44| 75.49 85.51 89.12 |72.90 | 79.87 | 67.68

GA 9.20 1232 | 16.75| 2.43 5.47 1060 | 736 | 1.94 | 4.21

GG 9.13 9.40 22.44 | 49.20 40.03 4135 [17.80 | 40.73 | 29.61

X 106.76 | 138.78 |78.98 | 5.22 14.48 27.14 |43.73| 5.04 | 15.00

6’g 45.28 68.29 |[92.75| 264 9.98 39.84 |26.71| 1.56 | 8.94

op 64.78 | 117.69 |117.90| 3.24 14.58 46.48 |30.09| 1.86 | 11.96

% GCV% 5.80 5.48 11.22 | 28.63 20.08 21.39 |10.87 |22.77 | 18.33
S| PCV% 6.94 7.19 12.65| 31.72 24.27 23.11 |1154|24.87|21.21
hp?% 69.90 58.03 | 78.67 | 81.47 68.46 85.71 |88.77|83.83 | 74.72

GA 11.59 1297 |1760| 3.02 5.39 12.04 |10.03| 2.35 | 5.32

GG 9.99 8.60 20.50 | 53.23 34.22 40.80 |21.10|42.94 | 32.65

X 116.04 | 150.85 |85.85| b5.67 15.74 29.50 |47.54| 5.48 | 16.31

¢’g 38.32 7245 |87.02| 2.36 9.99 35.42 | 2346 1.34 | 7.99

o’p 54.83 85.00 |91.29| 261 10.81 37.69 |24.63| 1.54 | 9.70

s | GCV% 5.80 6.13 11.81 | 29.43 21.83 21.93 |11.08 |23.00 | 18.84
& | PCV% 6.94 6.64 12.10 | 30.95 22.71 22.62 |11.35|24.65] 20.76
) 69.89 85.23 |95.32| 90.42 92.41 93.97 |95.27 | 87.04 | 82.41

GA 10.66 16.19 |18.76 | 3.01 6.26 11.89 | 9.74 | 2.23 | 5.29

GG 9.99 11.66 |23.75| 57.64 43.24 43.79 |22.27|44.21| 35.24

X 119.02 | 154.72 |88.05| 5.82 16.14 30.26 |48.76 | 5.62 | 16.72

6’g 56.35 93.51 [108.80| 3.00 12.65 4460 |28.79| 1.78 | 10.93

o’p 59.43 | 102.17 |112.79| 3.18 13.22 46.19 [30.94| 1.81 | 11.06

g GCV% 6.31 6.25 11.85| 29.76 22.04 22.07 [11.01|23.73|19.77
A1 _PCV% 6.48 6.53 12.06 | 30.64 22.53 22.46 |11.41|23.97 | 19.88
hn?% 94.82 9152 |96.47| 94.34 95.67 96.55 | 93.06 | 98.01 | 98.85

GA 15.06 19.06 |21.10| 3.46 7.17 1352 |10.66 | 2.72 | 6.77

GG 12.65 12.32 | 23.97 | 59.53 44.40 44.67 |21.87 | 48.40 | 40.49
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Table 8. Phenotypic variance (o?p), genotypic variance (o?Q),
phenotypic coefficient of variance (PCV), genotypic
coefficient of variance (GCV), broad sense heritability (hv?),
genetic advance (GA) and genetic gain (GG) for four selection
methods under Kafrdan conditions.

é Days to | Days to | Plant | No of No of | No of 100.0 G_ram St_raw
+ |Parameters| 50% 50% |height| spikes/ | spikelets/ |grains/ grain yield/| yield
§ heading |maturity| (cm) | plant spike | spike We(:%ht p:zs;lt /p(l:)nt
X 103.82 | 134.96 | 77.16 | 4.66 16.06 | 30.11 [ 43.03 | 4.83 | 14.46
6’g 32.77 | 52.16 |112.27| 0.37 2454 |87.28|24.79| 2.20 | 18.01
’p 53.30 | 93.29 |121.05] 0.42 27.69 |96.28|31.73| 2.48 | 21.26
s | GCV% 5.51 535 |13.73| 13.12 30.85 |31.02|11.57|30.74 | 29.35
0| PCV% 7.03 7.16 |14.26 | 13.97 32.77 |325913.09|32.63|31.89
hb?% 61.48 | 55.92 |92.75| 88.20 88.62 |90.65|78.12 | 88.73 | 84.69
GA 9.25 11.13 | 21.02| 1.18 9.61 18.32| 9.07 | 2.88 | 8.04
GG 8.91 8.24 |27.24| 25.39 59.82 |60.85|21.07 | 59.65 | 55.64
X 109.94 | 142.93 | 81.63 | 4.93 17.02 |31.91]4547| 511 | 15.27
6’g 4593 | 77.58 |147.51| 0.46 31.30 |119.41|36.89 | 3.03 | 24.62
p 71.96 | 121.55 |171.87| 0.64 40.20 |131.89|40.54 | 3.39 | 29.15
g GCV% 5.67 5.67 |13.69| 12.65 30.24 |31.50|12.29|31.34|29.88
S| PCV% 7.10 710 (1478 1492 3427 [33.11|12.88|33.15]| 32.52
hn?% 63.82 | 60.33 |85.83| 71.83 77.86 |90.54 |91.00 | 89.38 | 84.44
GA 11.15 | 1450 |23.18| 1.18 10.17 [ 2142|1194 | 3.39 | 9.39
GG 9.33 9.33 [ 26.12| 22.08 5497 |61.75|24.15|61.04 | 56.57
X 119.50 | 155.36 | 88.73 | 5.36 18.50 |34.69 |49.42 | 5.56 | 16.60
6’g 4326 | 76.11 |131.55| 0.45 29.74 |103.77|32.14 | 2.59 | 21.95
a’p 56.47 | 9249 |138.72| 0.48 30.76 |108.97|33.39 | 2.83 | 23.57
s | GCV% 5.98 6.10 |14.05| 13.64 32.04 [31.92|12.47|31.50 | 30.67
& | PCV% 6.83 6.73 |14.43| 1401 3259 [32.71|12.71|32.93|31.79
hn?% 76.61 | 82.29 |94.83| 94.75 96.68 |95.23]96.25|91.53 | 93.11
GA 11.86 | 16.30 [23.01| 1.35 11.05 |20.48|1146] 3.17 | 9.31
GG 10.79 | 1141 |28.19| 27.35 64.90 |64.17 | 25.20 | 62.08 | 60.97
X 122.57 | 159.34 | 91.00 | 5.49 18.97 |35.58 |50.69 | 5.70 | 17.03
¢’y 59.22 | 99.62 |165.39| 0.56 37.13 |130.23]39.57 | 3.33 | 27.73
a’p 64.69 | 109.79 |170.48| 0.60 38.07 [134.09/41.87 | 3.42 | 28.81
E GCV% 6.28 6.26 |14.13| 13.63 3211 |32.08|12.41|32.05 | 30.93
@21 PCV% 6.56 6.58 |14.35| 14.06 3252 |3255|12.77 3245|3152
hb®% 91.54 | 90.73 |97.02 | 93.96 97.53 |97.12|94.50 | 97.54 | 96.27
GA 15.17 | 19.58 |26.09| 1.49 1240 |23.17]12.60| 3.71 | 10.64
GG 12.37 | 1229 |28.68 | 27.21 65.33 | 65.12|24.85]65.20 | 62.51

Meanwhile, values of genetic advance and genetic gain were lower
in the two methods of selection BM and MBM compared to those of PM
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and SSDM for all traits under lzraa and kafrdan conditions. Similar results
were reported by Turcotte et al (1980), Eshghi et al (2011), Ghimire and
Mahat (2019) and Neyhart et al (2019).
CONCLUSION

In conclusion, the directional selection appears to reduce the range
of variability for different studied traits in the Fs populations. Narrow
difference between phenotypic and genotypic variances indicate that grain
yield/plant was less affected by environmental factors and this is clear in the
high values of broad sense heritability for the ten populations with different
selection methods. Values of genetic advance and genetic gain were lower
in the two methods of selection BM and MBM compared to those of PM
and SSDM for all traits under lzraa and kafrdan conditions. The two
methods of selection PM and SSDM were more effective in selecting
promising and higher segregant lines for yield and its components,
especially for the three populations 3, 5 and 7. These superior segregants
could be useful germplasm for future barley breeding programs aiming to
improving tolerance under rainfed conditions or cultivated in semiarid
regions.
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