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ABSTRACT

Two field experiments were carried out during 2014/2015 and 2015/2016 seasons under two sowing dates, 24" November
(optimum date) 25" December (late date) at the Experimental Farm, Faculty of Agriculture, Zagazig University, Sharkia
Governorate, Egypt using eight wheat genotypes to estimate genetic variability, phenotypic and genotypic correlations as well as
path coefficient for yield and yield component characters. The results indicated significant differences among wheat genotypes
for all the studied characters except chlorophyll content at the two seasons and number of spikes/m’ at the 2™ one only. Wheat
genotypes Line 3, Sids 12 Misr 1, and Line 4 performed well under the late sowing date in the two seasons for yield and its
component. Maximum phenotypic variance (Vp) and genotypic one (Vg) were recorded for number of spikes /m* under the two
sowing dates and plant height under 2™ one only. The (PCV) and (GCV) ranged from 27.69 and 26.08 % to 90.38 and 85.11%
and from 20.26 and 12.66 % to 208.31 and 189.59 % for 1000 grain wheat and number of spikes/m” under 1% sowing date and 2™
one, respectively. The range observed for heritability (bs) was from (58.42) for number of fertile spikelets/spike to (95.3%) for
number of grains /spike and from (39.04) for 1000 grain weight to (89.46%) for plant height under 1* sowing date and 2™ one,
respectively. Spike length, number of fertile spikelets/spike, number of spikes /m”, number of grains /spike and 1000-grain
weight were the most important traits which greatly correlated with grain yield at both genotypic and phenotypic levels.
Maximum positive direct effect on grain yield was contributed mostly by 1000-grain weight (1.104), followed by number of
grains/spike (0.626) and number of spikes/m> (0.352).This means that a slight increase in one of these traits may directly

contribute to grain yield. Since these characters could be used as selection criteria for improving wheat grain yield.
Keywords: wheat, heat stress, genetic variability, phenotypic and genotypic correlation, path coefficient analysis.

INTRODUCTION

Bred wheat is the major staple food of Egyptians
and it occupies a prominent position in the cropping
pattern. Wheat grain yield will be improved through
application of the best Technical Recommendations and
improvement promising cultivars with tolerance to
environmental stresses such as heat stress this is
considered a national target in Egypt to fill the gap
between wheat consumption and production.

High temperatures cause a morpho-physiological
and biochemical modifications in plants, which may
lead to a less yield due to their effects on plant
development. Grain yield is a quantitative character and
greatly affected by many factors. A successful selection
for high seed yield depends upon the knowledge about
the genetic variations and correlation of different
characters with it.

The primary advantage is the partitioning of total
variation into phenotypic, genotypic and environmental
variations and determine the type of genetic variation
and thus helps in determine a breeding programme for
the genetic improvement of a trait. Heritability values
with genetic advance are more helpful in expecting the
genetic gain under selection than heritability values
alone.

The information about the link among different
yield components has been successfully exploited
towards improving wheat grain yield.

Study of correlation over with path analysis
provide a better information of the correlation of various
traits with seed yield. Path analysis separates the direct
effects from the indirect ones across other related traits
through partitioning the correlation (Dixit and Dubey,
1984). Several authors determined genetic variance for
yield and its component characters in wheat and showed
moderate to high heritability and genetic advance
(Singh et al, 2014; Yahaya, 2014;Ghuttai et al.,

2015;Tripathiet al., 2015 and Sharaan et al, 2017).
Tahmasebi et al. (2013), Zeeshan et al.(2014), Khan
et al. (2015) and Ghallab et al. (2016) reported that the
high phenotypic and genotypic coefficients of
variability observed for most of the yield and yield
attributing characters studied in wheat genotypes. Abd
El-Mohsen et al. (2012) indicated that maximum
positive direct effect on grain yield/plant was
contributed by number of grains/spike, followed by
number of tillers/plant and 1000 grain weights were the
major contributors towards grain yield. Azimi et al.
(2017) showed significant phenotypic and genotypic
correlation among all yield components. Moreover,
Rahman et al. (2016) found that number of spikes/m?,
spike length, number of grains/spike and 1000-grains
weight were from the characters significantly
contributed to the total variation of plant grain yield at
both genotypic and phenotypic levels.

This study aimed to estimate genetic variations
and association between grain yield and its components
of bread wheat, which may be was important to improve
this strategical crop through selection of the more
contributed characters to grain yield.

MATERIALS AND METHODS

This study was performed at the Experimental
Farm. Fac. of Agric. Zagazig University, Egypt during
the two winter growing seasons of 2014/2015 and
2015/2016 under two sowing dates i.e. 24™ November
(optimum date) and 25" December (late date),
respectively, using eight wheat genotypes (Table 1) to
estimate genetic variability, phenotypic and genotypic
correlations as well as path coefficient analyses for
wheat yield and its contributing characters. A complete
randomized block design with three replications was
used in a factorial arrangement. Plot size was 3.6 m? (6
rows, 3 meters length with 20 cm apart) and sown at
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rate of 300 seed/m’. The crop was subjected to the
recommended agronomic practices. At anthesis ten
guarded plants from each genotype in every replicate
were used to estimate plant height and flag leaf area,
also leaf chlorophyll content was estimated using
SPAD-502 apparatus(Castelli et al., 1996). At harvest,
spike length, number of fertile spikelets/spike, number
of sterile spikelets/spike, number of spikes/ m?, number
of grains/spike, 1000-grain weight and grain yield
(ard./fed.) were determined. The obtained data were
statistically (ANOVA)analyzed by analysis of variances
according to Steelet al. (1997). The least significant
differences (P<0.05) was calculated for the parameters
exhibiting a significant effect and to compare treatments
mean. Genotypic and phenotypic variances and co-
variances were computed from ANOVA and ANCOVA
and used to estimate genotypic and phenotypic
correlations among traits. Combined analyses was done
to data of the same sowing dates at the two seasons and
used to determine phenotypic and genotypic correlations

as well as genotypic path coefficient of grain yield and

yield contributing characters. Phenotypic and genotypic

correlation coefficients were determined according to

Kwon and Torrie (1964). Path coefficient analyses was

computed according to Dewey and Lu (1959) by solving

simultaneous equations using genotypic correlations.

Data of wheat grain yield were used to estimate heat

stress tolerance measurements as follows:

1. Tolerance index (ToL) (Rosielle and Hambling,
1981). Tol= YP- Ys

2. Heat sensitivity index (HSI) (Fischer and Maurer,
1978). H.S.I= (1-YS/ YP)/SI and HI= (1- YS/YP);
Where, HI: Heat stress intensity.

3. Relative performance (P) (Abo-Elwafa and Bakheit,
1999).

P= (YS/YP)R Where, R= (YS/YP); YP= Yield
potential under normal conditions.

YS= Yield potential under late sowing date conditions.

YS and YP= yield of all genotypes in the late sowing
date and optimum one, respectively.

Table 1. Pedigree and origin of the eight studied wheat genotypes.

Genotypes Pedigree Origin

Sids 12 BUC//7C/ALD/5/MAY A74/0ON//1160-147/3/BB/GLL/4/HAT"S"/S/IMAY A- Egypt
VUL/CMH74A. 630/4*SX.SD7096-4SD-1SD-1SD-OSD.

Gemmeiza 12 BUC//7C/ALD/5/MAY A74/0ON//1160.147/3/BB/GLL/4/CHAT"S"/6/MAYA/VUL//CMH Egypt
74A.630/4*SXSD70964SD-1SD-1SD-0SD

Misr 1 OASIS/KAUZ//4*PASTOR.CMss00Y01881T-050M-030Y-030M-030WGY-33M-0Y-0S Egypt

Line 1 CROC_1/AE,SQUARROSA(224)//0OPATA/3/PASTRO.CMSA00Y00086S-0P0Y-040M- Surya
040SY-030M-12ZTY-0M-0SY

Line 2 T.DICOCCON  P194614/AE,SQUARROSA  (409)//BCN.CMSS00M001113S-050Y- Surya
020M-030Y-030M-3Y-OM-0Y

Line 3 ICB97-1207-0AP Surya

Line 4 Sakha 93/Sids6.CGZ(16)GM-2GM-OGM Egypt

Line § YANAC/3/PRL/SARA//TSI/VEE#5/4/CROC_1/, CMSA00Y00810T-040M-0P0Y-040M- Surya

040SY-030M-7ZTM-0ZTY

RESULTS AND DISCUSSION

Mean performance

Mean performance for yield and its components
under two sowing dates during both seasons and
combined analyses (the same sowing dates over the two
seasons) are given in Tables (2, 3 and 4). Significant
differences among wheat genotypes were observed for all
characters under the study in all cases. All characters of
the studied genotypes were affected by sowing dates
except chlorophyll content in the two seasons and number
of sterile spikelets/spike in 1% season only. It is evident
from Tables (2,3 and 4) that wheat genotypes Line 3 , Sids
12, Misr 1, and Line 4 performed well under the late
sowing date in the two seasons for yield and its
component. On the other hand, the other genotypes were
greatly affected by late sowing date.
Phenotypic and genotypic coefficients of variation

The estimates of variance, coefficient of variation,
heritability and genetic advance for all the ten characters
studied are given in Table (5). Phenotypic coefficients of
variation (PCV) were equivalent to their relating
genotypic coefficients of variation (GCV), showing few
impact of environment on the advertising of these traits.
Nevertheless, great correspondence was recorded between
genotypic coefficients of variation and phenotypic ones in

every one of the traits under the two sowing dates.
Maximum phenotypic variance (Vp) was recorded for
number of spikes /m? were (265.24) and (997.8) under 1%
sowing date and 2™ one, respectively, and plant height
(29.57) under 2™ sowing date only.

Similarly, the genotypic variance (Vg) was also
high for number of spikes /m” (234.25) and (826.46) under
1* sowing date and 2™ one, respectively, and plant height
(26.45) under 2™ sowing date only. Less difference in the
assessments of genotypic and phenotypic variances and
higher genotypic values compared to environmental one
for all the characters, suggesting that the variations
attendant among the genotypes were mainly through
genetic reason with minimum effect of environment and
hence more heritable.

High phenotypic (PCV) and genotypic (GCV) were
detected for all the studied traits under the two sowing
dates.

Estimates of phenotypic coefficient of variation
(PCV) were higher than their corresponding genotypic
(GCV) one under the two sowing dates, indicating the
little effect of environment on the expression of these
characters. However, good correspondence was recorded
between genotypic coefficient of variation and phenotypic
one in all the characters.
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Table 2. Mean Performance of eight wheat genotypes for Plant height, Flag leaf area and Chlorophyll
content under two sowing dates during both seasons and combined analysis (the same sowing dates
over the two seasons).

Characters Plant height (cm) Flag leaf area (cm?) Chlorophyll c(?ntent (SPAD
reading)
Combined over Combined over Combined over
Seasons Seasons Seasons
two seasons two seasons two seasons
1 st 2 nd 1 s't 2 n'd 1 st 2 nd 1 s-t znd st nd 1 s.l 2nd
Genotypes season season SOWIng  SOWINg . ason season SOV nE SOWING . .son season SOV ng sowing
date date date date date date
Sids 12 99.50 96.67 103.00 93.00 31.26  37.31 41.167 27.40 46.6 42.9 443 45.20
Gemmeiza 12 102.67 103 105.67 100.00 35.65 2844 37.880 26.21 45.6 48 47.9 45.67
Misr 1 102.83 99.83 104.00 98.67 343 34.68 42722  26.26 46.0 47.6 48.1 45.53
Line 1 98.50 99.17 100.00 97.67 36.84 28.56 37.068 28.33 50.4 52 51.2 51.13
Line 2 96.00 91.67 102.00 85.67 29.38 345 39415 2447 474 44.8 45.1 47.03
Line 3 103.83 99.83 108.33 95.33 3585 4044 44257 32.03 47.3 51.9 49.7 49.47
Line 4 99.00 96.67 104.00 91.67 37.5 3743 45.058 29.87 48.5 50.2 494 49.33
Line 5 93.50 89.83 96.00 87.33 29.0 31.76  33.242 27.52 51.2 50.5 50.8 50.83
Mean 99.48 97.08 102.875 93.67 33.72  34.14 40.1 27.76 47.9 48.5 48.3 48.03
GxS * * * * * * * * NS NS NS NS
LSD 05 3.25 4.13 1.56 1.88 4.21 2.38 1.56 1.66 1.64 2.68 0.79 1.53

Table 3.Mean Performance of eight wheat genotypes for number of fertile spikelets / spike, number of sterile
spikelets / spike, spike length and number of spikes /m*under two sowing dates during both seasons
and combined analysis (the same sowing dates over the two seasons).

Number of fertile spikelets / Number of sterile spikelets /

Characters spike spike Spike length (cm) Number of spikes /m*
Combined data Combined data Combined data Combined
Seasons over two Seasons over two Seasons over two Seasons data over two
seasons seasons seasons seasons
N Y 1 ond st wa 1 ond N wa 1 ond « "d 1 ond
Genotypes season season sowing sowing season season sowing sowing season season sowing sowing season season sowing sowing
date  date date  date date date date  date
Sids 12 173 18.6 19.03 16.90 1.37 1.2 148 1.08 102 104 10.82 9.74 257.7 287.1 332.67212.17
Gemmeiza 12 179 19.2 1998 17.13 3.3 1.7 288 2.10 103 10.8 11.23 9.87 275 292 334.17232.83
Misr 1 185 17.3 2043 1537 19 1.1 1.20 1.77 108 10.8 11.27 1031 300 282.5 338.83243.67
Line 1 19.8 162 19.10 1690 1.5 1.3 1.37 145 11.0 11.1 10.65 11.43 252.8 262.8 305.00210.67
Line 2 18.0 169 19.17 1574 2.1 1.3 216 123 93 9.1 9.70 8.68 258.8 255.3 315.00199.17
Line 3 19.8 20.8 2247 18.13 2.1 1.4 1.90 1.60 11.0 124 12.63 10.75 353 285.5 343.83294.67
Line 4 16.7 18.5 19.00 16.13 2.1 1 1.81 1.33 94 9.6 9.84 9.14 266.7 267.3 305.00229.00
Line 5 182 179 19.20 17.00 2.08 1.2 1.95 133 103 103 10.85 9.72 252.8 277.5 313.17217.17
Mean 18.28 18.17 19.80 16.66 2.06 1.28 1.84 149 103 10.6 1087 995 277.1 276.3 323.46229.916
LSD .5 145 194 127 099 067 0.55 020 029 0.81 091 0.64 0.41 204  20.1 7.68 6.21

Table 4. Mean performance of eight wheat genotypes for number of grains /spike, 1000-grain weight and
Grain yield/fad. under two sowing dates during both seasons and combined analysis (the same
sowing dates over the two seasons).

Characters Number of grains /spike 1000-grain weight (gm) Grain yield (ard./fad.)

Combined data Combined data Combined data

Seasons Seasons Season
over two seasons over two seasons over two seasons
lst znd lst 2nd lst 2nd
lst 2nd lst znd lst 2nd
season season sowing  sowing season season sowing  sowing season season sowing  sowing

Genotypes date date date date date date
Sids 12 479 46.167 48.80 4530 41433 48.533 45900 44.07 19.942 18.371 20.094 18.371
Gemmeiza 12 48.58 43.767 50.66  41.68 44.8 46.15 47.167 43778 18371 12.847 21.168 12.847
Misr 1 53.5 50.5 56.33  47.67 45567 4755 49.100 44.02 17.524 11267 23.701 11.267
Line 1 49.17 42.667 4950 4233 43.617 46.667 46.683 43.60 14309 9.467 17.808 9.467
Line 2 50.55 4585 5050 4590 42.933 44.167 45.650 4145 14727 10920 17.361 10.920
Line 3 552 53783 59.15 4983 48.867 45333 50.367 43.83 23287 18.538 25.667 18.538
Line 4 4943 43733 5035 42.82 47.6 44 45.167 4427 16706 12.789 18.375 12.789
Line 5 51.13 45453 5149 4512 44.083 41.833 45967 42.12 16.865 11.456 19.188 11.456
Mean 50.68 4649 52,10 45.08 4486 4553 47.000 4339 17.72 1321 20.420 13.207
GXS * * % £ & £ £ £ £ £ * £
LSD s 2.52 2.48 1.2 1.92 2.58 1.43 0.89 1.46 2.36 1.34 1.44 1.39

High estimates of the (PCV) and (GCV) were and (90.38 and 85.11); grain yield (101.73 and 89.67)
detected for number of spikes/m? (208.31 and 189.59) and (67.85 and 63.68); flag leaf area (48.25 and 42.69)
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and (64.64 and 62.2) in 2™ sowing date and 1% one,
respectively. Whereas, moderate values of the (PCV)
and (GCV) were observed for number of grains/spike
(51.4 and 50.18) and (44.68 and 39.73); chlorophyll
content (36.65 and 35.75) and (38.72 and 33.72) ) in 1%
sowing date and 2" one, respectively and plant height
(37.67 and 36.04) in 1¥ sowing date only. Moreover,
low estimates of the (PCV) and (GCV) were showed
for number of fertile spikelets/spike (31.63 and 24.18)
and (25.78 and 19.09); spike length (30.02 and 26.65)
and (30.47 and 26.12) and 1000-grain weight (27.69 and
26.08) and (20.66 and 12.33) in 1 sowing date and 2™
one, respectively. Similar results were reported by
Ghallab et al. (2016) where the estimates of PCV and
GCV were high for number of spikes/m®.

The highest heritability estimates were detected
for number of grains/spike (95.3%), flag leaf area
(92.59%), plant height (91.52 %), 1000-grain wheat
(88.72%),grain yield (ard./fad.) (88.68%), number of
spikes/m” (88.66 %) and spike length (78.81 %) under the
1 sowing dates. While under the 2" one the highest
heritability were observed for plant height (89.46%),
number of spikes/ m’ (82.83%), number of grains/spike

(79.73%), flag leaf area (78.29%), grain yield (ard./fad.)
(77.70%), chlorophyll content (76.76%) and spike length
(73.45%).Moderate heritability estimates were detected for
number of fertile spikelets/spike under the two sowing
dates. Low estimates of heritability were detected for 1000
grain weight under the 2™ sowing date only. High
heritability values for these traits indicated that the
variation observed was mainly under genetic control and
was less affected by the environment and the possibility of
progress from selection. Also high heritability values for
yield and its component were found (Singh et al, 2014;
Yahaya et al., 2014;Ghuttaiet al., 2015;Tripathiet al., 2015
and Sharaan et al., 2017).

Genetic advance ranged were 7.21 and 10.03 for
plant height, 7.81and 4.11 for flag leaf area, 4.99 and 4.22
for chlorophyll content, 1.69 and 1.19 for number of fertile
spikelets/spike, 1.6 and 1.45 for spike length, 29.72 and
53.97 for number of spikes/ m2, 7.29 and 4.89 for number
of grains / spike, 3.47 and 1.07 for 1000 grain weight and
5.6 and 5.92 for grain yield under 1st sowing date and 2nd
one, respectively. Similarly, Ghallab et a/l.(2016) observed
high value of genetic advance for number of spikes/plant,
plant height and 1000-grain weight.

Table 5. Variance, phenotypic (PCV) and genotypic (GCV) coefficients of variability, broad sense
heritability( h%,) and genetic advance (GA) for the yield and yield components of bread wheat

genotypes over two sowing dates.

Flag leaf area Chlorophyll Number of Number of
n Plant height (cm) g(cmZ) content(SPAD fertile sterile
aracters reading) spikelets/spike  spikelets/spike
nd st nd st nd st nd st nd
Genetic parameters 1 sowing . 1 . 2 . 1 . 2 . 1 . 2 . 1 . 2 .
date SOWll'lg SOWll’lg SOWll'lg sowmg SOWlIlg sowmg s0w1ng SOWlIlg sowmg
date date date date date date date date date
Phenotypic | 146 2957 1676 646 649 711 198 111 03  0.14
Variance (6°p)
g%g’typlc Variance 336 9645 1551 506 617 446 116 061 027  0.09
Environmental 1.24 311 124 14 032 165 082 05 002 005
Variance ( 6°¢)
PCV (%) 3767 5619 64.64 4825 3665 3872 31.63 2578 40.01 30.14
GCV (%) 36.04 5314 622 42.69 3575 3372 2418 19.09 3801 249
W% (%) 91.52  89.46 92.59 7829 95.1 7676 5842 54.84 9286 68.28
GA 721 1003 7.81 411 499 422 169 1.19 052  0.52
Table S.cont.
Spike length Number of spikes Number of 1000 grain Grain yield
(cm) /m? grains /spike weight(gm) (ard./fad.)
chamaeers o 2w ¥z g ¥ 2 2 o
Genetic parameters ; g ; g ; g § § ; § § g ; § ; § é g § g
Phenotypic Variance (6p) 0.98 0.92 265.24 997.8 13.77 9 3.6 1.78 9.4 10.62
Genotypic Variance (c°g) 077  0.68 23425 82646 1312 7.2 32 07 834 13.67
Environmental 021 025 2996 17122 065 188 041 109 106 3.0
Variance ( 6°¢)
PCV (%) 3002 3047 9038 20831 514 4468 2769 2026 6785
GCV (%) 2665 26.12 8511  189.59 50.18 39.73 2608 12.66 63.68 89.67
%, (%) 78.81 7345 88.66  82.83 953 7973 8872 39.04 8868 77.70
GA 1.6 145 2972 5397 729 489 347 107 56 592
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Table 6. Phenotypic correlation (r;) (upper diagonal) and genotypic correlation (ry) (lower diagonal)

coefficients among yield and its component in
two seasons.

breed wheat for combined of 1% sowing date over the

Genotypic

= 3 = 8 = ﬁ _52 M —_
correlation 'Eo ?;f . F ;5 oy En E ° = E o B ENE E i 'E E,J % )
2 5% 25 E¢ 323 :¥: i, i Lp :E
=& 35 f§5 38 EEE fE: §f f: 23 :q
- =2 ~ <3 % o = £ i =
Phenotypic = & - z £ 7z £ z&% ZFE =2 5
) & = (S 7 2, 2 S0
correlation < ® @«
Plant height (cm) 1 0.79* -0.24 0.53 0.76* 0.21 0.68%* 0.53 0.6* 0.67*
Flag leaf area (sz) 0.74* 1 -0.25 0.16 0.45 -0.25 0.34 0.44 0.35 0.46
Chlorophyll
content(SPAD reading) -0.2 -0.21 1 0.27 0.22 -0.1 -0.34 0.26 0.22 0.08
Spike length (cm) 0.43 0.15 0.25 1 0.99%* 0.03 0.85%*%  0.81**% (.98%* (.94**
Number —of —fertile e 39 (15 75 1 0.03  0.83*% 0.99%F 0.99%* (0.99%*
spikelets/spike
Number —of “sterile 15 556 909 -0.04 0.1 1 0.08  -0.14 037 -0.05
spikelets/spike
Number of spikes /m2 0.63* 0.36 -0.3 0.67 0.64%* 0.08 1 0.68* 0.8%** 0.93%%*
Number of grains /spike 0.51 0.43 0.26 0.71%* 0.79** -0.15 0.61%* 1 0.94**  (.91**
1000- grain weight(gm) 0.58 0.34 0.23 0.75%* 0.74%* -0.2 0.72*%  0.88** 1 0.96%*
Grain yield (ard./fad.) 0.65* 043 0.08 0.84%* 0.78%* -0.05 0.81%% 0.86%* (.88%* 1

Table 7. Phenotypic correlation (r;) (upper diagonal) and genotypic correlation (ry) (lower diagonal)
coefficients among yield and its component in breed wheat for combined of 2"® sowing date over the

two seasons.

Genotypic correlation = g =9 2 - 2 ~ v} = o A~
7 O PNt SR T L B

T D = SN = g = 5= g 522 5= 5@ = o0 S

= E ®E -] 2 2A:f 2T 3 29 2 o = =%

. =L 25 55z 2 EIT E2 Ex E2 = =
Phenotypic E o~ =2 7 Ex- 2" = 52 5= 3 T £
correlation A~ =) ©s @ 3 g #° Zz4§ - F o=
Plant height (cm) 1 0.2 -0.27 0.77* 0.21 0.82%* 0.43 -0.15 0.98** 0.2
Flag leaf area (sz) 0.17 1 0.56 0.48 0.67* -0.02 0.79**  0.28 0.56 0.6*
Chlorophyll
content(SPAD reading) -0.24 0.5 1 0.41 0.4 -0.17 0.04 -0.12 -0.35 -0.09
Spike length (cm) 0.55 04 0.24 1 0.59* -0.33 0.5 0.14 0.6 0.03
:L‘;;‘;ber of fertile spikelets /o 16 062% 032 03 1 028  059%* 001 019  0.67*
spier o serle sPEIE 0. 64x 012 034 034 0.06 1 056 007 056  -0.15
Number of spikes /m2 0.41 0.6 0.13 0.27 0.42 0.29 1 0.66* 0.54 0.58*
Number of grains /spike  -0.12  0.27 -0.05 0.03 0.25 -0.16 0.5 1 -0.08 0.51
1000- grain weight(gm) ~ 0.53 049 005 028  0.16 0.06 038  -0.09 1 0.55
Grain yield (ard./fad.) 0.17  0.39 -0.23 -0.06 0.48 -0.16 0.5 0.44 0.27 1

of heat tolerance measurements coupled with yield
Heat stress tolerance measurements: attributes characters, so Sids 12, Line 3 and Line 4 had
Heat stress tolerance measurements were low to moderate values of yield contributing characters

calculated for determining the stress tolerant wheat
genotypes based on minimization of yield, losses at late
sowing date compared to favorable sowing one
(optimum). Data of heat stress tolerance measurements
Table (8) indicate that, wheat genotypes with high
estimates of relative performance (P) such as Sids 12,
Line 3 and Line 4 yielded less different estimates
tolerance index (ToL) between yield under late sowing
date (YS) and yield under optimum sowing one (YP)
and coupled with heat sensitivity index (HSI), where
higher estimates of HSI (>1) reavaled a higher degree of
sensitivity to heat stress for genotypes and vice versa.
The results of (P) and (ToL) are joined with
(HSI) and showed that Sids 12 was in the first order
(1.414) in sensitivity to heat stress followed by Line 3
(1.117) while Line 4 was moderate (1.0761). The results

under stress conditions. The remaining wheat genotypes
Gemmeiza 12, Misr 1 , Line 1, Line 2 and Line 5
appeared to be more tolerant to heat stress as they
recorded H.S.I less than unity, these genotypes had in
general high values of yield attributes.
Genotypic and phenotypic correlations

Phenotypic and genotypic correlation coefficients
among studied with other characters under 1% sowing
date are showed in Table (6). The genotypic correlation
coefficient values for most of the characters were higher
in magnitude than the corresponding phenotypic one
under the two sowing dates, indicating that association
among these characters was largely under genetic
control and indicated the superiority of genetic variance
in expression of characters. Similar conclusion was
obtained by Tripathi et al. (2015).
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Table 8. Heat stress tolerance measurements of grain
yield for eight bread wheat genotypes

Tolerance Heat Relative
Genotypes index sensitivity performance
(Tol)  index (HSD) (9]
Sids 12 1.723 1.45 1.414
Gemmeiza 12 8.321 0.936 0.938
Misr 1 12.434 0.725 0.735
Line 1 8.341 0.795 0.822
Line 2 6.441 0.956 0.973
Line 3 7.129 1.143 1.117
Line 4 5.586 1.073 1.0761
Line 5 7.732 0.912 0.923

In respect with the normal sowing date, grain
yield showed positive correlation with plant height
(0.65* and 0.67%), spike length (0.84** and 0.94**),
number of fertile spikelets/spike (0.78** and 0.99*%*),
number of spikes / m* (0.81** and 0.93**), number of
grains /spike (0.86** and 0.91**) and 1000 grain weight
(0.88** and 0.96**) at both phenotypic and genotypic
levels, respectively.

Plant height exhibited positive significant
phenotypic and genotypic association with flag leaf area
(0.74* and 0.79*), number of fertile spikelets/spike
(0.6* and 0.76*), number of spikes /m” (0.63* and
0.68*), respectively, while 1000 grain weight was
associated in a positive and significant manner in
genotypic association and was positive non- significant
in phenotypic association.

Spike length showed positive and significant
phenotypic and genotypic correlation with number of
fertile spikelets/spike (0.75* and 0.99**), number of
grains /spike (0.71*and 0.81**) and 1000 grain weight
(0.75* and 0.98**) for 1% and 2™ sowing dates,
respectively, while number of spikes/m” was associated
in a positive and significant manner in genotypic
correlation and was positive non- significant in
phenotypic association.

Number of fertile spikelets/spike showed positive
significant phenotypic and genotypic association with
number of spikes /m” (0.64* and 0.83**), number of
grains /spike (0.79** and 0.99**) and 1000 grain weight
(0.74* and 0.99%%*), respectively.

Number of spikes /m” exhibited positive
significant phenotypic and genotypic association with
number of grains /spike (0.61*and 0.68*) and 1000
grain weight (0.72* and 0.8**), respectively.

Number of grains /spike exhibited positive
significant phenotypic and genotypic association with
1000 grain weight (0.88**and 0.94**), respectively.
Similar results of positive association of seed yield t
with number of spikes/m”, 1000 grains weight, spike
length and number of grains / spike were observed by
(Azimi et al, 2017). The study of correlation among
yield and yield contributing traits suggests that spike
length, number of fertile spikelets/spike, number of
spikes /m’, number of grains /spike and 1000-grain
weight were the most important characters which
showed positive correlation with grain yield. Therefore,

these traits could be used in breeding program as a
selection criteria to improve cultivars with high grain
yield.

It is evident that, in the late sowing date, there
were positive significant phenotypic and genotypic
correlation between flag leaf area and number of fertile
spikelets/spike. Positive significant ~ genotypic
correlation was detected between grain yield and each
of flag leaf area, number of fertile spikelets/spike and
number of spikes/ m’; plant height and each of spike
length, number of sterile spikelets/spike and 1000 grain
weight; flag leaf area and number of spikes; spike
length and number of fertile spikelets/spike; number of
fertile spikelets/spike and number of spikes and number
of spikes /m” and number of grains /spike.

Path coefficient analysis

Genotypic path coefficient values of all the traits
with grain yield in the 1* sowing date are show in Table
(9). Maximum positive direct effect on grain yield was
contributed greatly by 1000 grain weight (1.104),
followed by number of grains / spike (0.626) and
number of spikes / m? (0.352). This means that a slight
increase in one of these traits may directly contribute to
grain yield. On the other hand, the maximum negative
direct effect was exhibited by chlorophyll content (-
0.284), followed by flag leaf area (-0.187) and number
of sterile spikelets / spike (-0.104).

The highest positive indirect effects on wheat
grain yield were detected by number of fertile
spikelets/spike (1.093) followed by spike length (1.082),
number of grains/spike (0.883) and plant height (0.662)
via 100 grain weight, respectively. Also, number of
sterile spikelets/spike (0.620), 100 grain weight (0.588)
and spike length (0.507) via number of grains/ spike,
respectively. Flag leaf area also had a cognizable
indirect effect (0.386) via 1000-grain weight, number of
grains /spike (0.275) and plant height (0.282).
Chlorophyll content showed indirect effect via 1000-
grain weight with moderate contribution (0.243).

Spike length showed indirect effect via number
of fertile spikelets/spike (0.279) and number of
spikes/m* (0.299).moreover, number of spikes/m® had
great indirect effect via number of grains/spike (0.426).
whereas, spike length, number of spikes /m® and number
of fertile spikelets /spike had considerable indirect
effects (0.190), (0.239) and (0.279) via number of grains
/spike, respectively.

Genotypic path coefficient values of all the traits
with grain yield in the 2" sowing date are showed at
(Table 10). Maximum positive direct effect on grain yield
was contributed greatly by 1000 grain weight (1.087),
followed by number of spikes / m’ (0.638),number of
grains / spike (0.634),number of fertile spikelets/spike
(0474) and spike length (0.464). This means that a slight
increase in one of these traits may directly contribute to
grain yield. There was appreciable positive direct effect on
grain from chlorophyll content (0.241) and flag leaf area
(0.169).0On the other hand, negative direct effect was
exhibited by number of sterile spikelets / spike (-0.086)
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Table 9. Genotypic path coefficient analysis of nine characters on grain yield (ard./ fad.) in wheat (combined

of 1 sowing date over the two years)

= 3 = % = 4 -3 4 -3 4 4 § =
= =] - - - ~ o— =
50 S zEwm @ P - E °ca E§
gz - =2 = St 2= & o =& o o 32 Y
Characters = 5 S E S -5 =<%f%£% 255 2 3 2, L =
ES & S55 £° EE23 Eg3 E = Es g
s g 8 B 2 4 Z 4 2% ZF =%
Plant height (cm) 0357 -0.148 0068  0.124 0214 20.022 0239 0332 0.662
Flag leaf area(cm?) 0282 -0.187 0071 0037  0.127 0.026 0.120 0275  0.386
Chlorophyll content
(SPAD ronding) 0.086 0047  -0284  0.063  0.062 0.010 0120 0163 0243
Spike length (cm) 0.189 -0.030  -0.077 0234 0279 -0.003 0299 0507  1.082
Number of fertile 0271  -0.084  -0.062 0232 0282 -0.003 0292  0.620  1.093
spikelets/spike
Number of sterile 0.075  0.047 0.028  0.007  0.008 -0.104 0.028  -0.088  -0.408
spikelets/spike
Number of spikes /m2 ~ 0.243  -0.064  0.097  0.199  0.234 -0.008 0352 0426  0.883
Number of grains / spike ~ 0.189  -0.082  -0.074  0.190  0.279 0.015 0239 0626  1.038
1000-grain weight (gm) ~ 0.214  -0.065  -0.062 0229  0.279 0.038 0282 0588  1.104

Table 10 Genotypic path coefficient analysis of nine characters on grain yield (ard./ fad.) in wheat (combined

of 2" sowing date over the two years)

Number of Number of

Plant Flag leaf Spike . . Number .

Characters height area Chlorophyl length f'ertlle s.t erile Nu'mber to of grains 1090 grain
1 content spikelets/  spikelets/ spikes /m R weight(gm)
(cm) (cm2) (cm) . . /spike
spike spike
Plant height (cm) 0.014 0.034 -0.065 0.358 0.100 0.071 0.275 -0.095 1.065
Flag leaf area (sz) 0.003 0.169 0.135 0.223 0.318 0.002 0.504 0.178 0.609
Chlorophyll content -0.004 0.095 0.241 0.190 0.190 0.015 0.026 -0.076 -0.380
Spike length (cm) 0.011 0.081 0.099 0.464 0.280 0.029 0.319 0.089 0.652
Number _ of — fertile o003 0113 0.096 0.274 0.474 -0.024 0.377 0.006 0.206
spikelets/spike
Number ~ of sterile 415 0003  -0.041  -0.153 0.133 -0.086 0358  -0.044  0.609
spikelets/spike
Number of spikes /m2 ~ 0.006 0.134 0.010 0.232 0.280 -0.048 0.638 0.419 0.587
Number of grains /spike -0.002  0.047 -0.029 0.065 0.005 0.006 0.421 0.634 -0.087
1000 grain weight(gm) 0.014  0.095 -0.084 0.279 0.090 -0.048 0.345 -0.051 1.087
The highest positive indirect effects were detected REFERENCES

by plant height (1.065), Spike length (0.652), number of
sterile spikelts/spike (0.609), flag leaf area (0.609) and
number of spikes / m® (0.587) via 100 grain weight,
respectively. Also, number of spikes / m’ (0.419) via
number of grains/ spike. Flag leaf area also had a
cognizable indirect effect (0.504) via number of grains /
spike and number of fertile spikelets/spike(0.318).
Chlorophyll content showed indirect effect via spike length
and number of fertile spikelets / spike (0.190). Spike length
showed indirect effect via number of fertile spikelets /spike
(0.280) and number of spikes /m* (0.319).Also, number of
fertile spikelets/spike had a cognizable indirect effect via
number of spikes / m’® (0.377) and spike length (0.274).
Also, Spike length (cm), number of fertile spikelets/spike
and flag leaf area had considerable indirect effects (0.232),
(0.280) and (0.134) via number of spikes / m’, respectively.

It could be concluded that 1000-grain weight,
number of grains /spike, number of spikes /m’, number of
fertile spikelets /spike, and spike length appeared to
contribute to the grain yield (ard./fad.). Therefore, indirect
selection for these traits may be effective for improving
grain yield of wheat.
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