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Abstract: 

The present article was car-

ried out to study the relative mer-

its of pedigree selection for grain 

yield/plant under drought stress 

and normal irrigation environ-

ments. Three cycles of pedigree 

selection for high grain yield 

were achieved under both envi-

ronments.  The base population 

was the F3-population of Giza 

168/Sids 4.  In the fourth year, 

selections under drought stress 

and selections under normal irri-

gation were evaluated at both 

environments.  The phenotypic 

variance generally decreased 

from the F3- to the F6-generation, 

and was slightly larger than the 

genotypic variance. The realized 

heritability under normal irriga-

tion was 8.27, 79.41 and 78.46% 

compared to 25.57, 14.06 and 

37.88% under drought stress after 

cycles 1, 2 and 3; respectively. 

The observed gain from C3 was 

nearly twice that from C1 and C2. 

Hence, these results suggest de-

laying selection to the F5-

genreation, till homozygosity 

reach acceptable level to save 

costs and efforts, under the con-

dition of minimizing competition 

between plants from F2 to F5 

generation to avoid loss of the 

best genotypes. The observed 

gains from the better parent of 

the drought selections were 20.16 

and 16.58%, compared to 10.97 

and 11.00% for the normal irriga-

tion selections, when evaluation 

practiced under drought and 

normal irrigation, respectively. 

The results indicate that the an-

tagonistic selection reduced sen-

sitivity to drought stress, and 

synergistic selection increased it. 

Furthermore, selection for grain 

yield/plant under drought stress 

was better than under normal 

irrigation, either selections eval-

uated under drought or under 

normal irrigation. 

Introduction: 

Pedigree selection method 

has become the most popular of 

the plant breeding procedures. 

Most of the Egyptian wheat cul-

tivars were produced through this 

method. It is preferred by plant 

breeders because it is versatile, 

relatively rapid and makes possi-

ble conducting of genetic studies 

along with the plant breeding 

work. Many workers indicated 

that pedigree selection was effec-

tive in improving grain yield 

(Mahdy, 1988; Pawar et al., 

1990; Ismail, 1995 and 2001;  

Ismail et al., 1996; Mahdy et al., 

1996 and 2012; Ahmed, 2006; 

El-Karamity et al., 2007; Eissa, 

1996; Kheiralla et al., 1993; 

Khan et al., 2007; Hammam, 

2008 and Ali, 2011).  Further-

more, selection for tolerance to 

stress is worthwhile, in which the 

water is the main abiotic limiting 
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factor in the new reclaimed soils, 

and at the northern sea coast of 

Egypt. However, selection for 

yield or production traits in stress 

and non-stress environments is a 

problem which continues to per-

plex plant breeders.  Jinks and 

Connolly (1973 and 1975), Jinks 

and Pooni (1982) and Falconer 

(1990) indicated that the better 

the selection environment the 

higher the environmental sensi-

tivity of the high selection, and 

the lower environmental sensitiv-

ity of the low selection. Ceccarel-

li and Grando (1989) showed that 

in adapted barley germplasm the 

use of direct selection in presence 

of stress increased selection effi-

ciency for stress environments. 

Also,in  In “1991a and b” they 

stated that the genotypes selected 

for high grain yield under low 

yielding conditions were less 

sensitive to changing environ-

ments than genotypes selected 

for high grain yield under high 

yielding conditions.  Kheiralla 

and El-Defrawy (1994) found 

that antagonistic selection in-

creased environmental sensitivity 

and was not fully successful in 

decreasing mean performance of 

days to heading, which does not 

conform with Jinks-Connolly 

model.  The objectives of the 

present article were to study; 1) 

the relative merits of pedigree 

selection for grain yield/plant 

under normal irrigation and 

drought stress environments, and 

2) the sensitivity of the selected 

lines to drought stress. 

MATERIALS AND METHODS 

The present article aims to study 

the efficiency of pedigree selec-

tion for grain yield, in a segregat-

ing population of bread wheat; 

Triticum aestivum L. and the sen-

sitivity of the selected lines to 

drought stress.  Three cycles of 

pedigree selection were achieved 

under optimum “normal irriga-

tion” and  drought stress condi-

tions, and evaluated under both 

environments. The base popula-

tion was the F3- generation of a 

cross Giza 168 x Sids 4. The ex-

periments were carried out dur-

ing the four successive seasons, 

i.e. 2007/08, 2008/09, 2009/10 

and 2010/11 at Fac. Agric. Ex-

per. Farm. Assiut University.  

Planting date: 

Season Date Generation Experimental design 

2007/08 27/11/2007 F3 Non-replicated exper. 

2008/09 25/11/2008 F4 RCBD with three repli-

cations 

2009/10 21/11/2009 F5 ,, 

2010/11 25/11/2010 F6 ,, 

Irrigation 

The experiment under 

normal irrigation in the four sea-

sons received planting irrigation 

and five irrigations throughout 

the growing season.  However, 

the experiment under drought 

stress received planting irrigation 

and only one irrigation three 

weeks after planting. The soil 

texture was clay. In all experi-

ments, super phosphate (P2O5, 
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15.5%) was added during land 

preparation at a rate of 23.25 kg 

P2O5/Fed. Nitrogen fertilizer in 

the form of ammonium nitrate 

(33.5% N) was added at a rate of 

80 kg N/Fed. in one dose before 

the first irrigation.  In season 

2007/08, the F3-individual plants 

(base population) were grown in 

seven non-replicated plots under 

each of irrigated and drought 

stressed environment. Each plot 

consisted of 10 rows, 3 m long 

and 30 cm apart. Grains were 

sown and spaced 15 cm within a 

row. The parents were grown in 

separate plots at each environ-

ment.  At the end of the season, 

the characters were recorded on 

509 random guarded plants in the 

irrigated experiment and 540 

plants in the drought stressed 

experiment; the highest 40 plants 

in grain yield were saved. An 

equal number of grains from each 

plant (509 plants in the irrigated 

and 540 plants in the stressed 

experiments) were bulked to give 

F4-ranodm unselected bulk sam-

ple for each environment. In sea-

son 2008/09 (F4-generation); an 

experiment was grown under ir-

rigated environment, and another 

one under drought stressed envi-

ronment. In each experiment, the 

40 selected F4-plants along with 

the two parents and the bulk 

sample were sown.  A random-

ized complete block design of 

three replications was used. The 

experimental unit was one row 

3m in long, 30 cm apart and 5 cm 

between grains within a row.  

Data were recorded on 20 guard-

ed plants from each family.  At 

the end of the season, the best 

high yielding plant from each of 

the best 20 high yielding families 

were saved. In season 2009/10 

(F5-generation); an experiment 

was grown under each of irrigat-

ed and stressed environment as in 

the previous season. Each exper-

iment included 20 selected plants 

(families) along with the two 

parents and the random bulk 

sample. Data were recorded on 

20 guarded plants from each fam-

ily.  At the end of the season, the 

best 10 high yielding families 

were identified and the best plant 

from each was saved. In season 

2010/11 (F6-generation); the 10 

high yielding families selected 

under irrigation + the 10 high 

yielding families selected under 

stress environment + the two 

parents + the bulk sample were 

evaluated under both environ-

ments. Data were recorded on ten 

guarded plants for each family. 

The studied characters were; 

days to heading (DH), plant 

height (PH;cm), spike length 

(SL;cm), number of spikes 

/plant(NS/P),biological 

yield/plant (BY/P;g), grain 

yield/plant(GY/P;g), harvest in-

dex (HI), 100-grain 

weight(100GW;g) and number of 

grains/main spike (NG/ms). Data 

were subjected to proper statisti-

cal analysis according to Steel 

and Torrie (1980). Genotypes 

means were compared using Re-

vised Least Significant Differ-

ences test (RLSD) according to 

El-Rawi and Khalafala (1980). 
The phenotypic (σ

2
p), genotypic 

(σ
2
g) variances, and heritability 
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in broad sense (H) were calculat-

ed according to Walker (1960). 

Realized heritability (h
2
) was 

calculated as; h
2
 = R / S (Falcon-

er, 1989) ; Where R = response 

to selection and S = selection 

differential. The phenotypic(pcv 

%) and genotypic (gcv %)coeffi-

cients of variability were calcu-

lated as outlined by Bur-

ton(1952).Drought susceptibility 

index (DSI) was calculated ac-

cording to the method of Fischer 

and Maurer (1978). The sensi-

tivity and relative merits of a se-

lected line were assessed as (Fal-

coner, 1990). 

Results and Discussion 

1- Description of the base pop-

ulation; season 2007/2008 

Summary of the character-

istics of the two parents and the 

F3-genration under both of 

drought stress and normal irriga-

tion environments are shown in 

Table 1.  Sids 4 has shorter plant 

height, longer spike, higher grain 

weight, higher number of 

grains/spike, lower tillering abil-

ity and grain yield/plant com-

pared to Giza 168.  Plant height 

of the F3-population showed par-

tial dominance towards tallness 

under normal irrigation, and to-

wards shortness under drought 

stress.  The reduction caused by 

drought stress in the F3-

population was 13.68, 2.50, 6.38, 

12.10, 0.74 and 5.21% for plant 

height, spike length, number of 

spikes/plant, grain yield/plant, 

number of grains/spike and 100 

grain weight; respectively.  Mah-

dy (2007) noted average reduc-

tion caused by drought stress of 

14.21 and 6.30% for plant height 

and spike length; respectively, 

over two years of evaluation of 

20 cultivars.  Kazmi et al. (2003) 

found that ear length was reduced 

by 36% under water stress.  

Kheiralla et al. (2004) found that 

skipping irrigation at any stage 

reduced spike length.Number of 

spikes/plant tended to show 

complete dominance towards the 

higher parent Giza 168 under 

both environments. However, 

grain yield/plant in the F3-

population showed nearly com-

plete dominance under normal 

irrigation and over-dominance 

than the higher yielding parent 

Giza 168 under drought stress.  

The coefficient of variability was 

sufficient for selection, and 

ranged from 12.91 to 38.77% 

under normal irrigation, and from 

14.84 to 43.39% under drought 

stress; for plant height and grain 

yield/plant; respectively. These 

results are in agreement to those 

reported by Ismail (1995), Eissa 

(1996), Ismail et al. (1996), 

Mahdy et al. (1996), El-Karamity 

et al., (2007), Zakaria et al. 

(2008), Mahdy et al.(2012), El-

Morshidy et al. (2010) and Ali 

(2011). Heritability in broad 

sense was generally higher under 

drought than under normal irriga-

tion. The expected genetic ad-

vance under selection of the su-

perior 7.86% under irrigation and 

7.41% plants under drought was 

high and ranged from 8.83 for 

number of grains/spike to 

30.05% for number of 

spikes/plant under normal irriga-

tion, and from 18.34 to 52.71% 
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under drought stress for number 

of grains/spike and grain 

yield/plant; respectively. These 

results are in line with those re-

ported by Khan et al. (2007), 

Cheema et al. (2006) and Zakaria 

et al. (2008). 

2- Selection for grain 

yield/plant 

2.1- Variability and heritability 

estimates: 

Mean squares of grain 

yield/plant was significant 

(P<0.01) under both environ-

ments (not included).  The phe-

notypic variance (
2

ph) generally 

was larger under normal irriga-

tion than under stress conditions 

in C0, C2 and C3 (Table 2).  The 

genotypic variance; 
2
g was also 

larger under normal irrigation 

than under drought stress in C2 

and C3. The phenotypic coeffi-

cient of variability (pcv) under 

normal irrigation was 38.77% for 

grain yield/plant in the base pop-

ulation, and decreased to 21.71, 

17.94 and 15.31% after C1, C2 

and C3; respectively.  Likewise, 

the pcv% under drought stress 

was slightly more than that under 

normal irrigation and showed the 

same trend, this could be due to 

higher mean grain yield under 

normal irrigation than under 

drought stress.  The gcv % was 

slightly less than pcv % under 

both environments, and de-

creased from C1 to C3.  The close 

estimates of phenotypic and gen-

otypic variability resulted in very 

high estimates of broad sense 

heritability in the three cycles of 

selection. Another cause of high 

estimates of broad sense herita-

bility which calculated from the 

expected mean squares, was the 

evaluation of the selected fami-

lies at one site for one season, 

which inflates families mean 

squares by the confounding ef-

fects of the interactions of fami-

lies, years and locations. Howev-

er, the realized heritability of 

grain yield/plant was 8.27, 79.41 

and 78.46% under irrigation, and 

25.57, 14.06 and 37.88% under 

drought after C1, C2 and C3; re-

spectively.  These results are in 

agreement with those of Talbert 

et al. (2001), Ahmed (2006), Abd 

El-Kader (2011), Ali (2011) and 

Mahdy et al. (2012). 

2.2- Means and observed gains 

under drought stress  

evaluation:The two groups of 

families selected for high grain 

yield/plant for three cycles, either 

under drought stress or under 

normal irrigation were evaluated 

in the F6-generation under both 

environment and presented in 

Table 3. 

The group of families se-

lected under drought stress 

ranged in grain yield/plant from 

17.57 for family No.161 to 30.87 

for family No.301 with an aver-

age of 22.13 g/plant.  The aver-

age direct observed gain from 

selection significantly (P<0.01) 

out yielded the bulk sample by 

34.94% and from the better par-

ent by 20.16%.  Furthermore, all 

the selected families except one 

(family No. 161) showed signifi-

cant (P<0.01) observed gain from 

the bulk sample ranged from 

14.63 to 88.21%, six of them 

showed significant or highly sig-
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nificant observed gain from the 

better parent. The significant ob-

served gain from the better parent 

in grain yield/plant ranged from 

12.22% for family No. 85 to 

67.60% for family No. 301.  

        The group of families se-

lected for grain yield/plant under 

normal irrigation and evaluated 

under drought stress, ranged in 

grain yield from 18.10 to 24.97 

with an average of 20.44 g/plant. 

The average observed gain sig-

nificantly (P<0.01) out yielded 

the bulk sample by 24.61% and 

the better parent (P<0.05) by 

10.97%. Nine selected families 

selected for grain yield/plant 

showed significant observed gain 

under drought stress ranged from 

12.20 to 52.24%, four of them; 

family No. 189, No. 347, No. 436 

and No. 509 gave significant ob-

served gain of 19.82, 30.50, 

35.57 and 11.86% from the better 

parent. 

2.3- Means and observed 

gains under normal irrigation 

evaluation: 

The group of families se-

lected for high grain yield/plant 

for three cycles under drought 

stress ranged from 19.03 for fam-

ily No. 108 to 31.90 for family 

No. 301 with an average of 25.34 

g/plant (Table 3). The average 

observed gain was significant 

and reached 39.72 and 16.58% 

from the bulk sample and the 

better parent; respectively. All 

the selected families under 

drought stress except family No. 

108 showed significant (P<0.01) 

observed gain from the bulk 

sample, seven of them showed 

also significant observed gain 

from the better parent, and 

ranged from 11.96 for family No. 

85 to 46.78% for family No. 301.  

Means of the group of families 

selected under normal irrigation 

for high grain yield/plant for 

three cycles, ranged from 19.80 

for family No. 275 to 28.00 for 

family No. 474 with an average 

of 24.12 g/plant. The average 

observed gain in grain yield/plant 

was significant and accounted for 

33.03 and 11.00% from the bulk 

sample and the better parent Giza 

168; respectively. Eight families 

showed significant (P<0.01) ob-

served gain from the bulk sam-

ple; ranged from 19.85 for family 

No. 261 to 54.41% for family 

No. 474.  Five of these families 

showed significant (P<0.01) ob-

served gain from the better par-

ent; ranged from 17.18 for family 

No. 347 to 28.83% for family 

No. 474.Generally, it could be 

concluded that selection for high 

grain yield/plant for three cycles 

under drought stress in these ma-

terials was better than selection 

under normal irrigation either 

evaluation practiced under 

drought stress or under normal 

irrigation. These results are in 

line with those reported by many 

investigators. Kheiralla (1989) 

noted that pedigree selection for 

grain yield per se increased grain 

yield by 20.81% of the bulk sam-

ple. Kheiralla (1993) reported 

that pedigree selection for grain 

yield was effective in increasing 

grain yield. Ismail (1995) report-

ed genetic gains in grain yield 

over the bulk sample and the bet-
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ter parent of 8.47 and 4.86 in a 

population, and 6.96 and 6.41% 

in another population; respective-

ly. Eissa (1996) noted realized 

gain in grain yield of 8.97% from 

the better parent. Ismail et al. 

(1996) and Mahdy et al. (1996) 
came to the same conclusion. 

Kheiralla et al. (2006) after two 

cycles of selection for grain 

yield/plant achieved genetic gain 

of 20.21 and 7.62% from the 

bulk sample and the better par-

ent, respectively. Ali (2011), 

Abd El-Kader (2011) and 

Mahdy et al. (2012) are in line 

with our results. 

2.4- Average observed gain 

from selection for grain 

yield/plant in the three cycles: 

Means and observed gain 

from selection for high grain 

yield/plant are shown in Table 4. 

The observed gain from 

selection for high grain 

yield/plant under drought stress 

was 7.04, 8.31 and 20.16% from 

the better parent in C1, C2 and C3, 

respectively. The observed gain 

from selection for high grain 

yield/plant under normal irriga-

tion in the three cycles was 12.21 

and 5.08% for cycle 1, 16.12 and 

10.61% for cycle 2, and 39.72 

and 16.58% for cycle 3, from the 

unselected bulk sample and the 

better parent, respectively. It 

could be noticed from these re-

sults that selection for high grain 

yield/plant under both environ-

ments from the F5-generation 

was more effective than selection 

from F3 and  F4. This may be due 

to the increase of level of homo-

zygosity in the F5-generation, and 

it was easy to identify the genet-

ically superior genotypes. There-

fore, as mentioned above, the 

results of these materials suggest 

delaying selection for grain 

yield/plant to the F5-generation to 

save costs and effort under the 

condition of minimizing competi-

tion between plants from F2- to 

F5-generations to avoid loss of 

the best genotypes. 

The third cycle selections 

were evaluated under both envi-

ronments. The observed gain in 

the drought stress group were 

20.16 and 16.58% from the better 

parent compared to 10.97 and 

11.00% for the normal irrigation 

group. It is obvious that selection 

for high grain yield plant under 

drought stress was better than 

selection under normal irrigation. 

In other words antagonistic selec-

tion for grain yield was better 

than synergistic selection. 

2.5- Drought susceptibility 

index and sensitivity to envi-

ronment of the selected families 

for high grain yield/plant after 

three cycles of selection: 

The drought susceptibility 

index (DSI) and the sensitivity to 

drought stress and normal irriga-

tion of the selected families for 

high grain yield/plant are shown 

in Table 5.The results of the se-

lected families for three cycles 

under drought stress (drought 

group), and evaluated under both 

environments indicate that five 

families; No. 39, No. 301, No. 

176, No. 290 and No. 488 

showed drought susceptibility 

index (DSI) of 0.79, 0.36, 0.42, 

0.68 and 0.54; respectively.  The-
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se families could be considered 

less susceptible to drought. Fur-

thermore, the family No. 108 

gave negative (-0.06) drought 

susceptibility index, indicating 

maximum possible drought re-

sistance. The drought susceptibil-

ity index of Fischer and Maurer 

(1978) of the selected families 

coincided with the sensitivity test 

of Falconer (1990). The five 

families which gave drought sus-

ceptibility index less than one 

(less susceptible), gave also val-

ues less than one (less sensitive) 

in sensitivity test, and the family 

No. 108 which gave negative 

DSI, also gave negative value in 

sensitivity test. It could be no-

ticed that four superior families; 

No. 301, No. 176, No. 290 and 

No. 488 were less susceptible 

and less sensitive to drought, and 

showed significant observed gain 

from the better parent Giza 168. 

It should be recalled that the 

drought susceptibility index 

measures susceptibility respect to 

the overall mean of the selected 

families. Therefore, the DSI is 

very sensitive to the extremes, 

and confined to a certain group 

of families or lines.  This means 

that the DSI of a line within a 

group of lines could be changed 

if this line incorporated in anoth-

er group of lines under the same 

conditions of evaluation. Howev-

er, the sensitivity test of Falcon-

er (1990) measures the differ-

ence in the performance of a line 

under two environments relative 

to the difference in a base popu-

lation or in a contemporaneous 

unselected control, which give 

efficiency to this test. 

The results of the normal 

irrigation group of families 

showed that six families, No. 

189, No. 208, No. 275, No. 322, 

No. 347 and No. 436 gave 

drought susceptibility index of 

0.02, 0.48, 0.11, 0.98, 0.37, and 

0.36 indicating less susceptibility 

or great resistance to drought. 

Giza 168 showed average sus-

ceptibility, however, Sids 4 and 

the bulk sample were less suscep-

tible.  Five out of the six less sus-

ceptible families according to the 

DSI, were also less sensitive.  

Ranks of the selected families 

according to DSI and sensitivity 

test were alike to a large extent. 

It is of interest to indicate 

that the two superior families; 

No. 347 and No. 436 which 

showed significant (P<0.01) ob-

served gain from the better parent 

were less susceptible and less 

sensitive to drought stress. These 

results indicate that the antago-

nistic selection reduced sensitivi-

ty to drought stress and synergis-

tic selection increased it. Falcon-

er (1990) stated that, when selec-

tion and environment change the 

character in opposite direction 

this is antagonistic selection, i.e. 

selection upwards in a low envi-

ronment or downwards in a high 

environment.  Synergistic selec-

tion is the reverse; upwards in a 

high environment or downwards 

in a low environment, when se-

lection and environment change 

the character in the same direc-

tion. Rosielle and Hamblin 

(1981) stated that on theoretical 
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grounds, selection under stress 

condition where genetic variance 

is generally small, will result in a 

reduced mean yield in non-stress 

conditions, while selection for 

mean productivity will generally 

increase mean yields in both 

stress and non-stress conditions. 

Jinks and Connolly (1973) 
showed that sensitivity is reduced 

by selection upwards in a bad 

environment and by selection 

downwards in a good environ-

ment.  This rule was restated with 

additional evidence by Jinks and 

Pooni (1982). Ceccarelli and 

Grando (1991a) found that one 

cycle of selection in low yielding 

environment produced on aver-

age five times more entries out 

yielding the best check in low 

yielding than selection in high 

yielding environment. They con-

cluded that selection for high 

yield in high yielding environ-

ment is an inefficient strategy for 

improving yield in low yielding 

environments. Ceccarelli and 

Grando (1991b) indicated that 

the genotypes selected for high 

grain yield under low yielding 

conditions were less sensitive to 

changing environments than gen-

otypes selected for high grain 

yield under high yielding condi-

tions.  

The relative merits of the 

two types of selection in chang-

ing the mean is expressed as the 

ratio (Falconer, 1990): 

selection csynergistibymeanofChange

selectionicantagonistbymeanofChange
 

 

 

 

A ratio of over 1.0 means 

that antagonistic selection was 

better, and a ratio of under 1.0 

means that synergistic selection 

was better. 

In the F6-generation after 

three cycles of selection for high 

grain yield under drought stress 

(drought group) and under nor-

mal irrigation (irrigation group), 

the two groups of families were 

evaluated under both environ-

ments.  The relative merit were 

1.418 and 1.037 when selections 

evaluated under drought stress 

and under normal irrigation; re-

spectively. These results indicate 

that antagonistic selection was 

better than synergistic selection 

to increase grain yield/plant in 

these materials, either evaluation 

made under drought stress or un-

der normal irrigation.  These re-

sults are in agreement with Jinks 

and Connolly (1973) rule.  Fal-

coner (1990) suggested that to 

increase the mean performance, 

selection should be made up-

wards in a bad environment, and 

conversely, to decrease mean 

performance downwards selec-

tion should be made in a good 

environment. Mohamed (2001) 

found that antagonistic selection 

reduced sensitivity of the inter-

mated families and synergistic 

increased it. Kheiralla et al. 

(2006) found that selection under 

early planting (synergistic selec-

tion) increased sensitivity of the 

selected families, while selection 

under late planting (antagonistic 

selection) decreased it. 
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Table 1. Means, phenotypic variance (
2
 ph), coefficient of variabil-

ity(CV%), heritability in broad sense (Hb) and expected genetic 

advance( ΔG)of the base population(F3) evaluated under normal 

irrigation and drought stress environments for the studied traits. 

Item 

Normal irrigation Drought stress 

PH;c
m 

SL;c
m 

NS/
p 

Gy/p;
g 

NG/
ms 

100GW
;g 

PH;c
m 

SL;c
m 

NS/
p 

Gy/p;
g 

NG/
ms 

100GW
;g 

F3-

Population 
 

96.29 
±0.55 

14.38 

±0.0
9 

9.71 

±0.1
4 

29.09 
±0.50 

66.41 
±0.65 

4.99 
±0.05 

83.04      

± 
0.53 

14.02 

±0.0
9 

9.09 

±  
0.12 

25.57 

± 
0.48 

65.92 
±0.67 

4.73  ± 
23.1 Mean±SE 

Reduc-

tion%       13.68 2.50 6.38 12.10 0.74 5.21 

CV% 12.91 15.19 

33.9

2 38.77 

22.12

. 20.71 14.84 15.81 

32.2

8 43.39 23.61 23.10 

Hb% 65.76 52.20 
47.4

6 41.16 21.40 84.63 87.62 71.28 
65.9

7 64.13 41.01 87.60 

Δ G/mean% 15.85 14.80 

30.0

5 29.83 8.83 32.66 24.64 21.36 

40.3

7 52.71 18.34 38.48 

Giza 168 

Mean±SE 
105 ± 

1.2 

15.1 

± 1.2 

9.92 
± 

1.44 

30.61 
± 

1.44 

61.98 
± 

1.81 

5.31 

± 0.06 

99.16 
± 

0.70 

14.52 
±0.1

9 

8.46 
± 

0.33 

19.4 
± 

1.06 

48.7 
± 

1.73 

4.90  ±   

0.1 

Reduc-

tion%       5.56 3.84 

14.7

2 36.62 21.42 7.72 

CV% 8.12 9.48 

31.7

0 33.15 20.66 7.51 4.99 9.46 

27.6

0 38.50 25.14 8.80 

Sids 4 

Mean±SE 
80.4 

±0.82 

16.9 
± 

0.22 

4.52 
± 

0.13 

22.77 
± 

0.97 

78.71 
± 

1.87 

5.74 

±0.06 

77.66 
± 

0.51 

16.04 
±0.1

4 

3.94 
± 

0.09 

18.9 
± 

0.81 

77.6 

±1.65 

5.4   ±    

0.1 

Reduc-
tion%       3.41 5.09 

12.8
3 16.99 1.41 5.92 

CV% 7.20 9.35 

20.1

0 30.16 16.83 7.15 4.66 6.04 

16.5

0 30.10 15.03 6.80 

Δ G = The expected genetic advance from selecting the superior 40 

/ 540 plants under drought and 40/509 under irrigation . 
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Table 2. Variability and heritability estimates of grain yield/plant as affected by three 

cycles of selection under normal irrigation (N) and drought stress (D). 

Selection 

cycle 

2
p 2

g P.C.V. % G.C.V. % H % 

Realized 

heritabil-

ity% 

N D N D N D N D N D N D 

F3 families 

(C0) 

2007/2008 

127.5

3 

123

.1 
- - 

38.

77 

43.

39 
- - 

41.

16 

64.

13 
- - 

F4 selected 

families 

(C1) 

2008/2009 

9.84 
11.

62 

9.5

3 

10.

94 

21.

71 

25.

49 

21.

36 

24.

74 

98.

38 

94.

19 

8.2

7 

25.5

7 

F5 selected 

families 

(C2) 

2009/2010 

9.38 
5.5

3 

8.7

2 

5.1

9 

17.

93 

19.

14 

17.

29 

18.

53 

92.

98 

93.

82 

79.

41 

14.0

6 

F6 selected 

families 

(C3) 

2010/2011 

13.49 
12.

31 

12.

82 

11.

85 

15.

31 

16.

96 

14.

93 

16.

64 

95.

02 

96.

25 

78.

46 

37.8

8 

H = Heritability in broad sense. 
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Table 3. Mean grain yield/plant and observed gain from the bulk sample 

(OG%”Bulk”) and from the better parent (OG%”BP”) for the selected families after 

three cycles of selection under drought stress and normal irrigation. 

Ite

m 

Fam. 

No. 

Evaluation under drought Evaluation under normal irriga-

tion Mean 

GY/P;

g. 

OG%(Bul

k) 

OG%(B

p) 

Mean 

GY/P;

g. 

OG%(Bul

k) 

OG%(B

p) 

D
ro

u
g
h

t 
se

le
ct

io
n

s 

39 22.13 34.96** 20.18** 23.83 31.43** 9.66 

301 30.87 88.21** 67.60** 31.90 75.92** 46.78** 

85 20.67 26.02** 12.22* 24.33 34.19** 11.96* 

108 19.13 16.67** 3.89 19.03 4.96 -12.42 

152 19.47 18.70** 5.70 26.27 44.85** 20.86** 

161 17.57 7.11 -4.62 28.60 57.72** 31.60** 

176 25.03 52.64** 35.93** 26.03 43.57** 19.79** 

290 24.40 48.78** 32.49** 26.00 43.38** 19.63** 

463 18.80 14.63** 2.08 22.93 26.47** 5.52 

488 23.23 41.67** 26.15** 24.43 34.74** 12.42* 

Aver-

age 
22.13 34.94** 20.16** 25.34 39.72** 16.58* 

Ir
ri

g
at

io
n

 s
el

ec
ti

o
n

s 

189 22.07 34.55** 19.82** 23.47 29.41** 7.98 

208 18.40 12.20* -0.09 19.87 9.56 -8.59 

254 18.87 15.04** 2.44 27.77 53.13** 27.76** 

261 18.10 10.37 -1.72 21.73 19.85** 0.00 

275 19.47 18.70** 5.70 19.80 9.19 -8.90 

322 18.87 15.04** 2.44 22.17 22.24** 1.99 

347 24.03 46.54** 30.50** 25.47 40.44** 17.18** 

436 24.97 52.24** 35.57** 26.43 45.77** 21.63** 

474 19.00 15.85** 3.17 28.00 54.41** 28.83** 

509 20.60 25.61** 11.86** 26.53 46.32** 22.09** 

Aver-

age 
20.44 24.61** 10.97* 24.12 33.03** 11.00* 

 

Giza 

168 
18.42   21.73   

Sids 4 15.07   17.20   

Bulk 16.40   18.13   

R.LSD0.05 1.76   2.22   

R.LSD0.01 2.34   2.96   

*and ** significant at 0.05 and 0.01 levels of probability, respec-

tively. 
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Table 4.Means and observed gain from selection for high grain 

yield/plant for the three cycles under drought stress and 

normal irrigation from the bulk sample and the better 

parent. 

Cycle and means Drought stress (D) Normal irrigation (N) 

Cycle 1:F4-generation   

Families mean 13.66 15.72 

Giza 168 12.77 14.96 

Sids 4 8.31 14.33 

Bulk sample 7.32 14.01 

OG% (Bulk) 86.68** 12.21* 

OG% (Better parent) 6.96 5.08 

R.LSD 0.05 2.17 1.39 

R.LSD 0.01 2.86 1.84 

Cycle 2:F5-generation   

Families mean 12.49 17.46 

Giza 168 11.53 15.78 

Sids 4 10.10 12.77 

Bulk sample 11.27 15.03 

OG% (Bulk) 10.88 16.12* 

OG% (Better parent) 8.31 10.61 

R.LSD 0.05 1.62 2.15 

R.LSD 0.01 2.14 2.83 

Cycle 3:F6-generation D-group N-group D-group N-group 

Families mean 22.13 20.44 25.34 24.12 

Giza 168 18.42  21.73  

Sids 4 15.07  17.20  

Bulk sample 16.40  18.13  

OG% (Bulk) 34.94** 24.61** 39.72** 33.03** 

OG% (Better parent) 20.16** 10.97* 16.58* 11.00* 

R.LSD 0.05 1.76 1.76 2.22 2.22 

R.LSD 0.01 2.34 2.34 2.96 2.96 

*and ** significant at 0.05 and 0.01 levels of probability, respec-

tively. 

OG% (Bulk) = Observed gain in percentage from the bulk sample. 

OG% (Bp) = Observed gain in percentage from the better sample. 
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Table 5. Drought susceptibility index (DSI) and sensitivity to 

environments after three cycles of selection for grain 

yield/plant (GY/P) 

Item  Fam. No. 

GY/P; g 

under irri-

gation 

GY/P; g 

under 

drought 

DSI Sensitivity 

Drought 

selections  

39 23.83 22.13** 0.79 0.98 

301 31.90** 30.87** 0.36 0.60 

85 24.33* 20.67* 1.66 2.12 

108 19.03 19.13 -0.06 -0.06 

152 26.27** 19.47 2.85 3.93 

161 28.60** 17.57 4.25 6.38 

176 26.03** 25.03** 0.42 0.58 

290 26.00** 24.40** 0.68 0.92 

463 22.93 18.80 1.98 2.39 

488 24.43* 23.23** 0.54 0.69 

Average 24.34* 22.13*     

Irrigation 

selections 

 

189 23.47 22.07** 0.02 0.81 

208 19.87 18.40 0.48 0.85 

254 27.77** 18.87 2.10 5.14 

261 21.73 18.10 1.09 2.10 

275 19.80 19.47 0.11 0.19 

322 22.17 18.87 0.98 1.91 

347 25.47** 24.03** 0.37 0.83 

436 26.43** 24.97** 0.36 0.84 

474 28.00** 19.00 2.11 5.20 

509 26.53** 20.60* 1.47 3.43 

Average 24.12 20.44   

 

G168 21.73 18.42 1.00 1.91 

Sids 4 17.20 15.07 0.81 1.23 

Bulk 18.13 16.40 0.63   

* and ** ; significant observed gain from the better parent at 0.01 

and 0.05 level of probability; respectively. 
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لمحصول الحبوب في قمح الخبز  المندب الميزة الندبية للانتخاب
 تحت ظروف الجفاف والري العادي والحداسية للبيئة

 رشا عزت السيد مهدى ، باهي راغب بخيت ، كمال عبده خير الله ، 
 عبدالعظيم أحمد إسماعيل

 مصر -جامعة أسيوط  –كلية الزراعة  –قسم المحاصيل 
أجري هذا البحث لدراسة الميزة النسبية للانتخاب المنسب لمحصول الحبوب / نبات 
تحتت رتترول الج تال والتتري التتاديف تتتلا تن يتذ  لا تتة دورات انتخابيتة  تت  البي تتتي ف 

ف و   4سدس ×  861كانت التشيرة القاعدية عبارة ع  الجيل ال الث للهجي  جيزه 
تقييلا منتخبات الج ال والري تحت ررول البي تي ف انخ ض التباي  السنة الرابتة تلا 

المرهري تدريجياً م  الجيل ال الث إل  الجيل السادس ، وكا  أك ر قليلاً مت  التبتاي  
،  48ف24،  82ف81التتورا  ف كتتا  متامتتل التوريتتث المحقتت  تحتتت رتترول التتري 

للتتتدورة % تحتتتت رتتترول الج تتتال 11ف82،  46ف84،  52ف85% مقابتتتل 46ف21
الأولتت  وال انيتتة وال ال تتة علتت  الترتيتتبف وكانتتت الزيتتادة المحققتتة  تت  المحصتتول متت  
التتدورة ال ال تتة وحتتدها تتتتادل تقريبتتاً ةتتتل الزيتتادة المحققتتة متت  التتدورتي  الأولتت  
وال انيةف ولهذا  إ  هذه النتتا   تقتترت تترخير اخنتختاب حتت  الجيتل الختامس، وحتت  

درجتتة متقولتتة لتقليتتل الجهتتد والن قتتات بشتتر  تقليتتل تصتتل الأصتتالة الورا يتتة إلتت  
والتنتتا س بتتي  النباتتتات متت  الجيتتل ال تتان  حتتت  الختتامس لت تتادي ال قتتد  تت  التراكيتتب 

،  86ف84الورا ية الجيتدةف كانتت الزيتادة المحققتة  ت  المحصتول لمنتخبتات الج تال 
ت % لمنتخبتتات التتري عنتتد تقييمهمتتا تحتت44ف88،  42ف84% بالمقارنتتة بتت  51ف86

ررول الج ال والري عل  الترتيبف وتشير هذه النتتا   إلت  أ  اخنتختاب المتةتاد 
يقلتتل الحساستتية للج تتال أمتتا اخنتختتاب المتوا تت   يزيتتد الحساستتية للج تتالف كمتتا أ  
اخنتخاب لمحصول الحبوب للنبات تحت رترول الج تال كتا  أ ةتل مت  اخنتختاب 

الج تتال أو تحتتت رتترول تحتتت رتترول التتري ستتوال أجتتري التقيتتيلا تحتتت رتترول 
 الريف

 


