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ABSTRACT

The present investigation was conducted at Shandaweel Agricultural Research
Station, Agricultural Research Center, Egypt during two winter seasons to assess 12
bread wheat genotypes under normal and late sowing dates by using agronomic data and
SSR markers. The studied genotypes were tested in a RCBD experiment for each sowing
date; normal was on 25" November while late sowing date (heat stress) was on 25%
December during 2017/2018 and 2018/2019 seasons. The results indicated highly
significant differences among genotypes, sowing dates, and seasons for all traits.
Significant or highly significant differences were found for the interactions between
genotype x sowing date, genotype x seasons, sowing date x season, and genotype X
sowing date x season for most of the studied traits. Based on heat susceptibility index the
genotypes were classified into three groups i.e. tolerant, moderate tolerant, and sensitive.
The molecular marker analysis showed high values of polymorphism information
content (PIC) and marker index (MI). A positive and significant association was found
between grain filling period and Xgwm293 marker with 87 bp specific band (r = 0.58%),
as well as between grain filling rate and Xgwmb557 marker with 437 bp specific band (r =
0.67"). These markers are suggested as candidate linked markers with the particular
traits; they can be used in marker assisted selection (MAS). Specific fragments were
unique to some genotypes. Although, some of these fragments were found to be linked
with some of the studied traits, the others were not. The dendrograms successfully
grouped the studied genotypes based on their performance under sowing dates as well as
based on SSR patterns. The current study revealed that there were some high yielding
genotypes tolerant to terminal heat stress. These genotypes can be utilized either in
terminal heat stress affected regions or in breeding programs as a heat tolerance source.
Key words: Agronomic traits, Molecular markers, Sowing dates, Grain filling period.

INTRODUCTION

Wheat is the most important grain worldwide based on its acreage
and ranked the second after maize when it comes to the total production
values. The world total wheat planted area and total production are 218.54
million hectares and 771.72 million metric tons in 2017, respectively
(FAOSTAT 2017). The scenario is the same in Egypt where wheat is the
most important cereal crop in the winter growing season, where its
cultivated area in 2017 was 1.34 million hectares (equal to 3.20 million
feddan; fed. = 2.38 hectares) producing 8.80 million tons (FAOSTAT
2017). There is a huge gap between production and consumption; this gap
can be filled by international imports from foreign countries which in turn
cost the government a very large amount of hard currencies. For all these
aspects wheat is considered a strategic, staple food crop and took a very
special attention from Egyptian government because it affects directly on
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Egypt’s economy. The optimum temperature for wheat growth stages ranges
from 15 to 30 °C, however, wheat can be grown near optimally up or down
few degrees i.e. 20-32 °C (Wheeler 2012). Heat stress terminology is known
as rise in air temperature beyond the optimum temperature for growth stages
to be sufficient to cause injury or irreversible damages. Heat stress is a
major and a very serious constraint limiting grain yield and has negative
effects on wheat production (Asseng et al 2015). Heat stress became more
severe and more frequent as a consequent of climate change impacts.
Climate changes, which rise from increased CO: in the atmosphere, cause
heat waves worldwide leading to significant yield losses with great risks for
future global food security (Deepak et al 2019).

Elevated air temperature during the grain filling period or post
anthesis (reproductive stages) is known as terminal heat stress. Terminal
heat stress (> 32 °C) causes reduction in starch content, grain quality, and
grain weight which is negatively reflected on grain yield (Gupta et al 2015).
Moreover, the day/night temperatures play a crucial role in heat stress
scenario, where higher temperature than optimal, ranging from 18/13 and
21/16 diminished period of grain filling (Dias and Lidon 2009). There are
many investigations and extensive work on terminal heat stress because of
its serious affects on grain weight, grain number, protein content, starch
composition, and grain yield. This reduction under severe terminal heat
stress may be up to 47% and 67% in yield and 1000-kernel weight,
respectively (Joshi et al 2016). It has been shown that there are two types of
terminal heat stress; the first type of terminal heat stress is heat shock which
happens suddenly, extreme high temperature for a short period of 3-5 days.
While the second type is chronic heat stress which is means high maximum
temperature for longer time at grain filling period (Talukder et al 2014).

Thermo tolerance is a complex trait results in a number of
mechanisms, controlled by many genes which in turn alter some pathways
to express the tolerance. Because of the complexity of the heat tolerance
inheritance, DNA molecular markers present a helpful tool to be used in
plant breeding programs. Molecular markers linked to terminal heat
tolerance related traits are prerequisite in identifying quantitative trait loci
(QTL) related to these traits to be used in marker assisted selection (MAS)
in plant breeding programs. Recently many investigations were carried out
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on identifying QTLs associated with traits related to terminal heat tolerance
e.g. Paliwal et al (2012), Pandey et al (2014) and Sharma (2016).

The objectives of this study were: (1) Assessment of some bread
wheat genotypes, under normal and terminal heat stress conditions, to
determine their capability to tolerate terminal heat stress. (2) Detection of
some molecular markers linked to some important agronomic traits, related
to heat stress conditions, to be utilized as marker assisted selection (MAS)
in breeding programs.

MATERIALS AND METHODS
Plant materials

The present study was conducted at Shandaweel Agricultural
Research Station, Agricultural Research Center, Egypt, during the two
successive growing seasons 2017/2018 and 2018/2019. Twelve bread wheat
genotypes were included in the present study (Table 1). The twelve bread
wheat genotypes were planted at two sowing dates. The normal sowing date
was planted on 25" November and the late sowing date (terminal heat
stress) was planted on 25" December. The experimental design for each
sowing date was in randomized complete block design (RCBD) with three
replications. Each plot consists of 6 rows spaced by 20 cm and of 3.5 m long
with a total area of 4.2 m2,

Table 1. The pedigree of the twelve bread wheat genotypes and their

origin.
No. Genotypes Pedigree Origin
1 |Shandaweel 1 Site / Mo / 4/ Nac / Th. Ac //3* Pvn /3/ Mirlo / Buc Egypt
2 |Linel QUAIU/5/FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/TRAP//... CIMMYT
3 |Misr3 Rohf 07*2/Kiriti Egypt
4  |PBW 343 ND/VG9144//KAL/BB/3/YACO/4/VEE #5 India
5 Bajl \Waxing/4/sni/Trap#1/3/Kauz+2/Trap//Kauz India
6 [Vorobey ICROC-1/AE.TA(wx-224)//OPTA-M-85/3/Pastor Mexico
7 |Gemmiza 11 Bow''s"'/Kvz//7C/ Seri 82 /3/Giza 168/Sakha 61 Egypt
8 |Gemmiza 12 OTUS/3/SARA/THB//VEE Egypt
9 [Sids14 Bows “s”/vee”s”// Bows “s”/TSI/Bani Sewef 1 Egypt
10 |Giza 171 Gemmiza 9 / Sakha 93 Egypt
11 |[Misr 2 SKAUZ/ BAV 92 Egypt
12 lsakha 95 PASTOR//SITE/MO/3/CHEN/AEGILOPS Egypt
SQARROSA(TAUS)//BCN/4/WBLL1

The studied traits included days to heading (DH), days to maturity

(DM), grain filling period (GFP), grain filling rate (GFR), plant height
(PLH), number of spikes/m? (S/M?), 1000-kernel weight (1000-KW),
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number of kernels/spike (K/S), biological yield in kg/plot (BY), and grain
yield in kg/plot (GY). Heat susceptibility index (HSI) was calculated
according to Fischer and Maurer (1978).
Molecular markers

The molecular marker characterization was carried out at
Department of Genetics, Faculty of Agriculture, Assiut University, Egypt.
Eleven SSR markers were used in this study. Total genomic DNA was
extracted from young leaves “two weeks old” for all genotypes under
investigation using cetyltrimethyl ammonium bromide procedure (modified
CTAB procedure) described by Poresbski et al (1997). RNAase was added
to DNA for 30 minutes at 37° C to remove RNA. DNA amplification was
performed and the amplified fragments were separated in 2% gel. The
amplificon was visualized by UV light documentation system. The SSR
primers, their sequences, chromosomal location (Chr.), annealing
temperature (Ann.), and references are presented in Table (2).

Table 2. The forward and reverse primer sequences, chromosome
location (Chr.), annealing temperature (Ann.), and references.

No. [Primer IPrimers’ sequences Chr. |Ann. [References

1 xgwmas | A A S oA 1A | 60C® [Roder et al (1998)
2 [Xgwm389 g ?ggé;?g%ﬁé;g;igg;%:ﬁgg I 3B | 60 C° [Roder et al (1998)
3 [Xgwms13 g: égg%%f}?gﬁ%gé%ﬁﬂgf 4B | 60 C° [Roder et al (1998)
4 [Xgwm261 g: g¥ggg€%¥§%ﬁiggﬁ??gg 2D | 55C° [Roder et al (1998)
5 owmss? P, ATCSCAT AT T OO oA IS 7B | 55 C° [Roder et al (1998)
o PSTEIASCASTTIST | o oo
7 [Xbarc229 g $§§§§§I§E§§é£igﬁgiﬂ3 1D [58°C |Song etal (2005)
8 [xgwmags | ACATCORTC T ICACAMACCCY 2D [58°C |Roder et al (1998)
9 Xgwm293 P, %ggéﬂgé%gﬁgﬁgg‘? 5A [55°C |Roder etal (1998)
i e [RACRSCEATIICMCCICST | 5 o

11 [Xbarc186 g ggéﬁgigg$égégiég$ggiéﬁégg 5A [58° C [Song et al (2005)
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Statistical analysis

All calculations and statistical analysis were performed using SAS
v9.3 (2011) statistical software including analysis of variance (ANOVA),
single linear regression (Karl Pearson coefficient), and cluster analysis. The
analysis of variance (ANOVA) was performed to determine the variances
due to genotypes and sowing dates, and seasons. Performance means for the
genotypes across the two seasons and over all were calculated. Dissimilarity
matrix (Euclidian method) was computed for the all studied traits leading to
dendrogram using unweighted pair group method arithmetic mean
(UPGMA).
Marker analysis

Variability for each locus was estimated using polymorphism
information content value (PIC) for SSR markers according to Anderson et
al (1993). Marker index (MI) was calculated according to Powell et al
(1996). Dissimilarity matrix (Dice coefficient) was computed, dendrogram
was constructed using unweighted pair group method arithmetic mean
(UPGMA). Single marker analysis was done based on simple linear
regression (Karl Pearson coefficient) computed to find the association
between agronomic traits and molecular markers.

RESULTS AND DISCUSSION

Phenotypic evaluation
The analysis of variance (Table 3) indicated highly significant variances due
to genotypes, sowing dates, and seasons for all traits, except 1000-kernel
weight trait. The results showed that the differences among genotypes were
sufficient to provide a scope to characterize the effect of terminal heat
stress. The interactions between genotypes, sowing dates and seasons were
significant or highly significant for all the studied traits, except season x
sowing date interaction for 1000-kernel weight and season x sowing date x
genotype interaction for plant height. These results are in agreement with
those obtained by Abd EI-Rady and Koubisy (2017) who found high
significant variances due to genotypes, seasons, sowing dates, and the
interaction between genotypes and sowing dates for days to heading, plant
height, No. of spikes/m?, No. of kernels/spike, 1000-kernel weight, and
grain yield.
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Table 3. Mean squares from combined analysis of variance for all the
studied traits.

Sov df| DH DM | GFP | GFR PLH S/M? K/S ]1000-KW| BY GY

Seasons

) 1 [5954.77| 11972™ |1040.™| 5210.4™ |14440™| 204454™ | 1495™ | 16.34 ™ | 131.05™ | 16.74™

R (S) 4| 107 069 | 1.70 | 16.99 | 12.80 | 383.91 | 16.05 5.63 0.33 0.05

Dates (D) | 1 |2756.3"| 12750™ | 3650 |1310.40™ | 8836™ | 258741 | 1056™ | 459.75™" | 28.15™ | 16.71"

S*D 1 |169.007|966.20™ | 327" (5622.50™| 1100 | 12469" | 342.3" | 1856 | 29.24™ | 3.67"

Error 4| 271 290 | 276 | 13.01 | 7.076 | 799.80 | 17.10 3.58 0.14 0.05

Genotypes
(©)

S*G |11|16.66™| 6.96™ [17.357| 47.30"™ [30.20™|1265.50”| 81.31" | 22.17" | 0.65™ | 0.10™

11|51.08™ | 16.84™ |37.52""| 183.07™ | 266™ |2843.60™| 78.73" | 15.19™ | 2.32™ | 0.40"

D*G |[11]23.40™| 16.89™ |16.16™| 37.07" | 30.20" | 1602 | 65.45™ | 13.75" | 1.37" 0.08™

S*D*G |[11|21.03"| 6.19™ |26.02"| 43.98" |15.35™(2608.80"(113.30""| 15.99™ | 0.53" | 0.07"

Error |88| 1.62 1.61 275 | 14.85 |[12.430| 243.85 | 14.90 1.60 0.12 0.02

CV% |--| 136 094 | 3.95 8.73 3.57 4.20 8.15 2.86 5.75 7.08

Where:

ns, *, and ** are non-significant, significant at 0.05 and 0.01 probability,
respectively.

DH = days to heading, DM = days to maturity, GFP = grain filling period,
GFR = grain filling rate, PLH = plant height, S/M?= number of spikes/m?, K/S
= number of kernels/spike, 1000-KW = 1000- kernels weight, BY= biological
yield, GY = grain yield.

Effect of genotypes

The results, presented in table 4, revealed that the response of the
studied genotypes varied widely and significantly to both of the sowing
dates for all the studied traits. These results declared the importance of
assessing the genotypes under different environments to identify the best
genetic make up for a particular environment. These findings are in
harmony with those obtained by Tawfelis et al (2011); where they found
that highly significant differences between planting dates and bread wheat
genotypes for days to maturity, plant height and other agronomic traits.
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Table 4. Performance means across the two

seasons for the studied

traits.
Treatment | DH | DM | GFP | GFR | PLH | S/M? | K/S |1000-KW | BY | GY
Sowing dates

Normal 98.0 | 145.0 | 47.0 | 47.2 | 106.6 |414.6| 50.1 459 10.10| 3.30
Late 89.0 | 126.0 | 37.0 | 41.1 | 90.9 [329.8| 445 42.4 8.10 | 2.30
Reduction | 9.2 | 13.1 | 21.3 | 129 | 147 | 205 | 11.2 7.8 19.80|30.30

F test ** ** ** ** ** ** ** ** ** **

Cultivars

Shandaweel| 91.3 | 137.0 | 45.7 | 52.8 | 93.2 |360.8| 49.4 419 8.96 |3.09
Linel 93.9 | 136.5| 42.6 | 53.3 | 105.7 |380.4 | 46.6 45.0 10.21 | 3.29
Misr 3 91.3|135.1| 438 | 47.8 | 95.5 [390.7| 49.4 43.5 10.04 | 2.97
PBW 343 | 96.1 | 1355 | 39.4 | 46.3 | 96.2 |351.1| 50.9 43.8 8.28 | 2.46
Baj 1 96.3 | 136.0 | 39.7 | 429 | 89.3 |390.1| 46.8 437 9.39 | 2.95
Vorobey | 93.1|135.0| 41.9 | 489 | 103.3 |390.4| 43.4 457 9.73 | 2.85
Gemmiza 11| 90.4 | 133.1 | 42.7 | 45.2 | 99.1 |370.1| 42.5 45.1 8.94 | 2.67
Gemmiza 12| 92.3 | 133.8 | 41.5 | 43.5 | 98.3 |361.8| 50.6 457 8.72 | 2.66
Sids 14 96.1 | 137.1 | 41.0 | 44.0 | 101.5 |360.3| 45.5 43.6 8.25 | 2.42
Gizal1l71 | 924 | 135.7 | 43.3 | 41,5 | 101.4 |381.9| 45.9 449 9.04 | 2.58
Misr 2 95.4 | 136.0 | 40.6 | 51.0 | 102.0 |348.5| 49.9 435 8.78 | 2.83
Sakha95 | 93.6 | 135.2 | 41.6 | 51.4 | 101.7 |380.3 | 47.2 43.8 8.95 | 2.97

F test ** ** ** ** ** ** ** ** ** **
LS.DO0.05|103| 1.03 | 1.34 | 3.11 | 285 |12.62]| 3.12 1.02 0.28 |0.11

Where ** is significant at 0.01 probability.

Performance of the genotypes
Days to heading (DH)

Results in Table 5 revealed that mean values of days to heading were
(90.4 and 83.7), (105.4 and 94.5) in the first and second seasons for normal
and late sowing dates, respectively. While, the mean number for days to
heading across the two seasons for normal and late sowing dates were 97.9
and 89.1 days for normal and late sowing dates, respectively. Overall mean
values for days to heading ranged from 90.4 day for the cultivar Gemmizall
to 96.3 day for the cultivar Bajl with an average of 93.5 days.
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Table 5. Mean number of days to heading for the twelve bread wheat
genotypes under two seasons, two sowing dates and overall.

Season 1 Season 2 Over all

Genotypes _ _
Date1|Date2| X |DatelDate2| X |Datel|Date2| Mean
Shandaweel 1 89.0 | 83.0 [86.0] 99.7 | 93.7 | 96.7 944 | 884 | 914
Linel 90.3 | 83.7 |87.0| 106.0 | 95.7 | 100.9 | 98.2 | 89.7 93.9
Misr 3 87.3 | 81.7 |84.5| 101.3 | 95.0 | 98.2 943 | 884 | 91.3
PBW 343 94.7 | 87.7 |91.2| 107.7 | 94.3 | 101.0 | 101.2 | 91.0 96.1
Baj 1 95.3 | 87.3 |91.3| 110.0 | 92.7 | 101.4 | 102.7 | 90.0 96.3
\Vorobey 90.0 | 83.3 [86.7| 104.3 | 94.7 | 99.5 97.2 | 89.0 93.1
Gemmiza 11 89.3 | 80.3 [84.8] 97.3 | 94.7 | 96.0 933 | 87.5 90.4
Gemmiza 12 87.7 | 82.7 |85.2] 103.3 | 95.7 | 99.5 955 | 89.2 92.4
Sids 14 92.7 | 86.3 |89.5| 112.0 | 93.3 | 102.7 | 102.4 | 89.8 | 96.1
Giza 171 87.7 | 83.7 |85.7| 103.3 | 95.0 | 99.2 955 | 894 | 924
Misr 2 93.0 | 85.0 |89.0| 107.7 | 96.0 | 101.9 | 100.4 | 90.5 | 95.4
Sakha 95 87.7 | 81.0 (84.4| 112.3 | 93.3 | 102.8 | 100.0 | 87.2 93.6
Mean 90.4 | 83.7 |87.1| 105.4 | 94.5 | 100.0 | 97.9 | 89.1 93.5
Seasons (S) 0.66 | 057 | 0.76
Dates (D) 1.26 2.00 0.76
Genotypes (G)| 2.18 | 1.36 [1.25| 2.38 ns 169 | 1.62 | 1.39 | 1.03
0 SxD 1.08
© 1SxG 2.29 1.97 1.46
o bxG 1.77 2.39 1.46
_j ISxDxG 2.06

It is clear that average number of days to heading of the first season
was smaller than the same trait in the second season. This difference can be
attributed to the rise in temperature of the first season compared to the
second season (Figure 1). The results showed that PBW 343 and Sakha 95
had the highest and the lowest number of days to heading under terminal
heat stress with 91.0 and 87.2 day, respectively overall the two seasons.
Lopes et al (2012) found a negative correlation between high days to
heading and high yielding genotypes under high temperature environments.
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Days to maturity (DM)

Mean number of days to maturity (Table 6) was (133.2 and 119.6),
(156.6 and 132.6) day in the first and second seasons for normal and late
sowing dates, respectively. While, the mean number of days to maturity
across the two seasons for normal and late sowing dates was 144.9 and
126.1 day for normal and late sowing dates, respectively.

Table 6. Means of days to maturity for the twelve bread wheat
genotypes under two seasons and two sowing dates and

overall.
Season 1 Season 2 Over all

Genotypes
Date 1|Date 2 }_( Date 1 |Date 2 )_( Date 1 | Date 2| Mean
Shandaweel 1 132.0 | 121.0 (126.5| 160.7 | 134.3 | 147.5 | 146.4 | 127.7 | 137.0
Linel 134.3 [ 120.0 | 127.2 | 158.7 | 133.0 | 145.9 | 146.5 | 126.5 | 136.5
Misr 3 132.3 | 118.7 | 125.5| 157.7 | 131.7 | 144.7 | 145.0 | 125.2 | 135.1
PBW 343 135.3 [ 119.3|127.3| 155.0 | 132.3 | 143.7 | 145.2 | 125.8 | 1355
Baj 1 135.7 [ 119.3 | 127.5| 156.7 | 132.3 | 1445 | 146.2 | 125.8 | 136.0
Vorobey 133.3 [ 119.3|126.3 | 155.0 | 132.3 | 143.7 | 144.2 | 125.8 | 135.0
Gemmizall 129.0 | 119.7 | 124.4 | 151.0 | 132.7 | 141.9 | 140.0 | 126.2 | 133.1
Gemmiza 12 131.0 | 119.7 | 125.4 | 152.0 | 132.7 | 142.4 | 1415 | 126.2 | 133.9
Sids 14 136.0 | 119.0 | 127.5| 161.3 | 132.0 | 146.7 | 148.7 | 125.,5 | 137.1
Giza 171 131.7 | 119.7 | 125.7 | 158.3 | 133.0 | 145.7 | 145.0 | 126.4 | 135.7
Misr 2 136.0 | 119.7 | 127.9 | 155.7 | 132.7 | 144.2 | 145.9 | 126.2 | 136.0
Sakha 95 131.7 | 119.3 | 125.5| 157.3 | 132.3| 144.8 | 1445 | 125.8 | 135.2
Mean 133.2 |{119.6 | 126.4 | 156.6 | 132.6 | 144.6 | 1449 | 126.1 | 135.5
Seasons (S) 0.6 0.55 0.8
Dates (D) 1.76 1.7 0.8
Genotypes 251 ns 1.7 2.1 ns 1.3 1.6 ns 1.0
3 SxD 1.1
© ISxG 2.2 ns 15
> IbxG 2.4 1.8 15
_j |SxDxG 2.1
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Overall mean number of days to maturity was 135.5 and ranged
from 133.1 day for Gemmizall to 137.1 day for Sidsl4. The average
number days to maturity in the first season was lower than the second
season because the temperatures of the first season were higher than the
same time of the second season (Figure 1). Heat stress causes a reduction in
reproductive stages which in turn reduces number of days to maturity.
Consequently, high number of days to maturity under heat stress conditions
is desirable. In this situation, Shandaweel 1 followed by Line 1 are more
preferable under late sowing date with an average of 127.7 and 126.5 day
across the two seasons, respectively. Lopes et al (2012) found positive
association between number of days to maturity and grain yield under high
temperature environments.

Grain filling period (GFP)

The means of grain filling period (Table 7) were (42.8 and 35.9),
(51.2 and 38.1) and (47.0 and 37.0) day in the first season, second season,
and across two seasons for normal and late sowing dates, respectively. The
average of grain filling period over all ranged from 39.7 day for Baj 1 to
45.7 day for Shandaweel 1 with an average of 42.0 day. The variability
between the two seasons in grain filling period can be explained by the high
differences between minimum and maximum temperatures during the grain
filling period in first and second seasons (Figure 1).
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Fig. 1. The average minimum and maximum temperature over the two
seasons.
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Table 7. Means of grain filing period for the twelve bread wheat
genotypes under the two sowing dates, across two seasons,

and overall.
Season 1 Season 2 Over all

Genotypes Date 1|Date 2 )_( Date 1|Date 2 )_( Date 1|Date 2| Mean
Shandaweel 1 43.0 | 38.0 | 40.5 | 61.0 | 40.6 | 50.8 | 52.0 | 39.3 | 45.7
Line 1 440 | 36.3 | 40.2 | 52.7 | 37.3 | 45.0 | 484 | 36.8 | 42.6
Misr 3 45.0 | 37.0 | 41.0 | 56.4 | 36.7 | 46.6 | 50.7 | 36.9 | 43.8
PBW 343 406 | 316 | 36.1 | 47.3 | 380 | 427 | 440 | 348 | 394
Baj 1 404 | 32.0 | 36.2 | 46.7 | 39.6 | 432 | 436 | 358 | 39.7
Vorobey 433 | 36.0 | 39.7 | 50.7 | 376 | 44.2 | 47.0 | 36.8 | 419
Gemmiza 11 39.7 | 39.4 | 39.6 | 53.7 | 38.0 | 459 | 46.7 | 38.7 | 427
Gemmiza 12 433 | 37.0 | 40.2 | 48.7 | 37.0 | 429 | 46.0 | 370 | 415
Sids 14 433 | 32.7 | 380 | 49.3 | 387 | 440 | 46.3 | 35.7 | 410
Giza 171 44.0 | 36.0 | 40.0 | 55.0 | 38.0 | 465 | 495 | 37.0 | 43.3
Misr 2 43.0 | 347 | 389 | 480 | 36.7 | 424 | 455 | 35.7 | 40.6
Sakha 95 440 | 383 | 412 | 45.0 | 39.0 | 420 | 445 | 38.7 | 416
Mean 428 | 359 | 39.4 | 512 | 381 | 44.7 | 470 | 370 | 420
Seasons (S) 081 | 0.75 | 0.77

10 Dates (D) 2.11 1.10 0.77
o |Genotypes 279 | 245 | 1.81 | 3.03 ns 205 | 198 | 1.84 | 1.34
O [SxD 1.09
N SxG 2.81 | 260 | 1.90
- |DxG 2.56 2.90 1.90
SXDxG 2.68

The maximum grain filling period across the two seasons, under late
sowing, was shown by Shandaweel 1 with an average of 39.3 days. The
long grain filling period may give sufficient time for reproductive stages to
take place.

Grain filling rate (GFR)

The grain filling rate means (Table 8) were 47.4 and 28.9 g/day in
the first season, 46.9 and 53.4 g/day in the second season and 47.2 and 41.1
g/day over the two seasons, for normal and late sowing dates, respectively.
Grain filling rate mean overall ranged from 41.5 gm/day up to 53.3 g/day
for Giza 171 and Line 1, respectively. High grain filling rate can
compensate, roughly, the reduction in grain size and grain weight which will
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result in high grain yield. Though, the highest grain filling rate under late
sowing date was for Line 1 with an average of 48.8 g/day across the two
seasons. Based on this concept, Line 1 is expected to have high grain yield
among all the studied genotypes under late sowing date across the two
seasons (will be discussed later in grain yield trait).

Table 8. Means of grain filing rate (g/day) for the twelve bread wheat
genotypes under two seasons, two sowing dates and across the
two seasons.

Season 1 Season 2 Over all
Genotypes

Date 1|Date 2| X |Date 1|Date2| X |Date 1| Date 2| Mean
Shandaweel 1 52.8 | 30.6 | 41.7 | 43.8 | 524 | 48.1 | 48.3 | 415 52.8
Line 1 533 | 37.1 | 452 | 535 | 605 | 57.0 | 53.4 | 48.8 53.3
Misr 3 478 | 26.8 | 37.3 | 46.8 | 59.1 | 53.0 | 47.3 | 42.9 47.8
PBW 343 46.3 | 29.7 | 38.0 | 40.3 | 48.1 | 442 | 433 | 38.9 46.3
Baj 1 429 | 36.3 | 39.6 | 589 | 56.5 | 57.7 | 50.9 | 46.4 | 429
\Vorobey 48.9 | 22.3 | 35,6 | 50.9 | 55.8 | 534 | 499 | 39.1 48.9
Gemmiza 11 452 | 236 | 344 | 483 | 475 | 479 | 46.8 | 355 45.2
Gemmiza 12 435 | 28.7 | 36.1 | 43.2 | 555 | 494 | 434 | 42.1 43.5
Sids 14 440 | 233 | 336 | 379 | 443 | 41.1 | 409 | 33.8 44.0
Giza 171 415 | 270 | 34.2| 38.2 | 52.7 | 454 | 39.8 | 39.9 415
Misr 2 510 | 29.1 | 40.1| 49.1 | 54.3 | 51.7 | 50.0 | 41.7 51.0
Sakha 95 514 | 318 | 416|523 | 538 | 53.1 | 51.8 | 42.8 51.4
Mean 474 | 289 | 38.1| 46.9 | 534 | 50.2 | 47.2 | 41.1 47.4
Seasons (S) ns 2.01 1.67
« Pates (D) 2.73 4.39 1.67
8 Genotypes (G) | 5.50 | 7.59 | 457 | 6.03 | 6.79 | 443 | 3.91 | 491 3.11
O [SxD 2.36
jﬁ SxG 552 | ns | 441
DxG 6.46 6.26 4.41
SXDxG 6.23

Plant height (PLH)

The means of plant height (Table 9) were 93.8 and 83.6 cm in the
first season, 119.3 and 98.1 cm in the second season and 106.6 and 90.9 cm
across the two seasons, for normal and late sowing date, respectively.
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Overall means of plant height ranged from 89.4 cm in Bajl up to 105.7cm
in Line 1 with an average of 98.7 cm. The highest and lowest average of
plant height across the two seasons under late sowing date was recorded in
Line 1 and Baj 1 with 97.5 and 80.2 cm, respectively. The reduction in
plant height is up to fast phasic change and due to this, vegetative
phase becomes short and reproductive come early. Heat stress causes
shorter plants, for this reason taller plant under some limits is more
desirable, in some cases.

Table 9. Means of plant height (cm) for the twelve bread wheat
genotypes under two seasons, two sowing dates and overall.

Season 1 _ Season 2 _ Over all

Genoypes  pate 1| Date 2 X |Datel|Date2| X |Datel|Date2| Mean
Shandaweel 1 89.0 | 76.7 |829|112.3 | 94.7 [103.5] 100.7 | 85.7 | 93.2
Line 1 102.3 | 88.3 | 95.3| 125.3 | 106.7 | 116.0 | 113.8 | 97.5 | 105.7
Misr 3 86.7 | 80.0 |83.4|117.0 | 98.3 [107.7| 1019 | 89.2 | 955
PBW 343 95.0 | 77.3 |86.2| 119.0 | 93.3 [106.2| 107.0 | 85.3 | 96.2
Baj 1 85.0 | 71.7 |78.4| 112.0 | 88.7 |100.4| 98.5 | 80.2 | 89.4
\Vorobey 97.3 | 85.7 | 915 125.3 | 105.0 |115.2| 111.3 | 95.4 | 103.3
Gemmizal 1 98.3 | 850 |91.7|117.0 | 96.3 [106.7| 107.7 | 90.7 | 99.2
Gemmizal 2 95.0 | 85.0 |90.0| 114.7 | 98.3 [106.5| 104.9 | 91.7 | 98.3
Sids 14 96.7 | 85.0 /|90.9| 124.3 | 100.0 |112.2| 110.5 | 925 | 101.5
Giza 171 96.7 | 93.3 |95.0| 117.3 | 98.3 |107.8| 107.0 | 95.8 | 101.4
Misr 2 96.7 | 90.0 1934 | 122.0 | 99.3 [110.7 ] 109.4 | 94.7 | 102.0
Sakha 95 96.7 | 85.7 |91.2| 125.7 | 98.7 [112.2| 111.2 | 92.2 | 101.7
Mean 93.8 | 83.6 |88.7]119.3 | 98.1 [108.7| 106.6 | 90.9 | 98.7
Seasons (S) 151 | 1.83 | 1.23
© Dates (D) 3.13 2.17 1.23
o |Genotypes 5.67 | 6.92 |4.36| 485 | 6.24 | 3.85 | 3.69 | 449 | 2.85
0 [SxD 1.74
0 ISxG ns ns 4.03
- |DxG 6.16 ns 4.03

SxDxG ns

1000-Kernel weight (1000-KW)

The results (Table 10) revealed that mean of 1000-kernel weight was
46.6 and 42.4 g in the first season, 45.3 and 42.4 g in the second season
under normal and late sowing date, respectively.
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Table 10. Means of 1000-kernel weight (g) for the twelve bread wheat
genotypes under two seasons and two sowing dates and

overall.
Season 1 Season 2 Over all
Genotypes — =

Datel|Date2| X |Datel|Date2| X |Datel |Date2| Mean
Shandaweel 1 41,9 38.7 40.3 44.5 42.4 435 43.2 40.6 419
Line 1 46.2 44.3 45.3 45,9 43.7 44.8 46.1 44,0 45,0
Misr 3 445 41.1 42.8 445 43.8 44.2 445 425 435
PBW 343 45.6 43.9 44.8 44 .4 41.1 42.8 45.0 425 43.8
Baj 1 49.4 37.6 435 44.6 43.1 43.9 47.0 40.4 43.7
\Vorobey 49.2 445 46.9 45.7 43.4 44.6 47.5 44,0 457
Gemmiza 11 49.7 42.9 46.3 45.1 435 44.3 47.4 43.2 453
Gemmiza 12 49.2 419 45.6 49.3 425 45.9 49.3 42.2 457
Sids 14 44.2 43.2 43.7 46.7 40.1 43.4 45.5 41.7 43.6
Giza 171 49.4 40.9 45.2 45.7 43.3 445 47.6 42.1 44.8
Misr 2 44.2 41.2 42.7 45.3 43.1 44.2 44.8 42.2 43.5
Sakha 95 49.4 459 47.7 41.3 38.6 40.0 45.4 42.3 43.8
Mean 46.6 42.4 445 45.3 42.4 43.9 46.0 42.4 44.2

Seasons (S) 0.61 ns ns
e Dates (D) 2.58 0.85 0.88
o |Genotypes (G) | 1.21 2.38 1.30 | 2.66 2.03 1.63 1.50 1.49 1.02

O [SxD ns
¥ SxG 212 | 211 | 144
- DxG 1.84 2.30 1.44
SxDxG 2.04

While, across the two seasons it was 46.0 and 42.4 g for normal and
late sowing date, respectively. The highest 1000-kernel weight under late
sowing date across the two seasons was recorded for Line 1 and Vorobey
with 44.0 g while the lowest was recorded for Baj 1. Over all means of
1000-kernel weight ranged from 41.9 g for Shandweell to 45.7 g for
Vorobey and Gemmizal2. High temperature reduces number of days to
maturity and grain filling period, consequently shrivelled kernels produced
and ultimately affect negatively on 1000-kernel weight as reported by Gupta
et al (2015).

Number of spikes/m? (S/M?)

Results of number of spikes/m? presented in Table (11) showed that
mean number of spikes/m? was 367.6 and 301.4 in the first season, 461.6
and 358.2 in the second season and 414.6 and 329.8 across the two seasons,
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for normal and late sowing date, respectively. Across the two seasons
highest number of spikes/m? under late sowing date was recorded for Misr 3
(358.4) and the lowest was for Misr 2 (285.8). Overall mean for number of
spikes/m? ranged from 348.6 spikes for Misr 2 to 390.7 spikes for Misr 3.
Abd EI-Rady and Koubisy (2017) reported that delaying sowing
significantly decreased number of spikes/m?.

Table 11. Means of number of spikes/m2 for twelve bread wheat
genotypes under two seasons and two sowing dates and

overall.
Season 1 Season 2 Qver all
Genotypes Date1|Date2| X |Datel|Date2| X |Datel|Date2| Mean
Shandaweel 1 368.0 | 280.0 | 324.0 | 439.9 | 355.3 | 397.6 | 404.0 | 317.7 | 360.8
Line 1 386.0 | 280.0 | 333.0 | 475.0 | 380.7 | 427.9 | 430.5 | 330.4 | 380.4
Misr 3 368.0 | 344.0 | 356.0 | 478.1 | 372.7 | 425.4 | 423.1 | 358.4 | 390.7
PBW 343 390.0 | 284.0 | 337.0 | 403.3 | 327.0 | 365.2 | 396.7 | 305.5 | 351.1
Baj 1 378.0 | 307.3 | 342.7 | 503.7 | 371.3 | 437.5 | 440.9 | 339.3 | 390.1
Vorobey 398.0 | 320.0 | 359.0 | 455.9 | 387.7 | 421.8 | 427.0 | 353.9 | 390.4

Gemmiza 11 342.0 | 314.0 | 328.0 | 517.2 | 306.7 | 412.0 | 429.6 | 310.4 | 370.0

Gemmiza 12 340.0 | 316.0 | 328.0 | 451.7 | 339.5 | 395.6 | 395.9 | 327.8 | 361.8

Sids 14 361.7 | 304.0 | 332.9 | 428.0 | 347.6 | 387.8 | 394.9 | 325.8 | 360.3
Giza 171 358.0 | 310.0 | 334.0 | 458.7 | 400.9 | 429.8 | 408.4 | 355.5 | 381.9
Misr 2 361.7 | 254.0 | 307.9 | 460.9 | 317.6 | 389.3 | 411.3 | 285.8 | 348.6
Sakha 95 360.0 | 304.0 | 332.0 | 466.0 | 391.0 | 428.5 | 413.0 | 347.5 | 380.3
Mean 367.6 | 301.4 | 3345 | 461.6 | 358.2 | 409.9 | 414.6 | 329.8 | 372.2
Seasons (S) 7.33 | 7.50 | 13.08
2 |Dates (D) 25.26 31.73 13.08
o |Genotypes 21.61 | 27.74 | 17.13 | 30.50 | 25.09 | 19.24 | 17.95 | 18.37 | 12.62
0O [SxD ns
) |SxG 25.38 | 25.98 | 17.85
- |DxG 24.23 27.21 17.85
SxDxG 25.24

Number of kernels/spike (K/S)

Results presented in Table (12) showed that mean values of number
of kernels/spike were 45.3 and 43.0 kernels in the first season, 54.8 and 46.4
kernels in the second season and 50.1 and 44.7 kernels across the two
seasons, for normal and late sowing dates, respectively. Mean number of
kernels/spike under late sowing date across the two seasons ranged from
37.9 kernels for Gemmiza 11 to 49.4 for Gemmiza 12. Overall means were
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42.6 kernels for Gemmizall and 50.9 kernels for Gemmizal2. These results
can be attributed to the high temperature during the reproductive stages
which can cause pollen sterility and adverse effects on floral organs.
Ultimate result of high temperature during reproductive stages is decreasing
number of grains/spike.

Table 12. Means of number of kernels/spike for the twelve bread wheat
genotypes under two seasons and two sowing dates and

overall.
Season 1 Season 2 Over all
Genotypes Datel|Date2| X |Datel|Date2| X |Datel|Date2| Mean
Shandaweell 54.1 36.7 | 454 | 57.8 | 489 | 534 | 56.0 42.8 49.4
Linel 40.8 40.2 | 405 | 554 50.0 | 52.7 | 48.1 45.1 46.6
Misr 3 48.5 47.9 48.2 53.7 47.4 50.6 51.1 47.7 49.4
PBW 343 50.1 38.7 | 444 | 66.4 | 484 | 574 | 58.3 43.6 50.9
Baj 1 45.1 41.3 | 43.2 | 530 | 47.7 | 504 | 49.1 44.5 46.8
Vorobey 39.8 | 37.2 | 385 | 53.6 | 43.0 | 48.3 | 46.7 | 40.1 | 434

Gemmiza 11 485 | 320 | 403 | 459 | 438 | 449 | 472 | 379 | 426

Gemmiza 12 515 | 510 [ 513 | 520 | 478 | 499 | 518 | 494 | 50.6

Sids 14 48.0 441 | 46.1 | 48.2 415 | 449 | 48.1 42.8 45.5
Giza 171 46.7 42.8 | 44.8 54.6 395 | 47.1 50.7 41.2 45.9
Misr 2 48.5 46.7 | 47.6 56.4 48.0 | 52.2 52.5 47.4 49.9
Sakha 95 41.2 409 | 411 | 61.0 | 45.7 | 534 | 511 43.3 47.2
Mean 45.3 43.0 | 44.2 54.8 46.4 | 50.6 50.1 44.7 47.4

Seasons (S) 153 | 2.12 1.91
3 |Dates (D) ns 4.43 1.91
o |Genotypes | 3.26 719 | 3.85 | 7.06 Ns 5.07 | 3.75 5.19 3.12
a) SxD ns
) |SxG 5.30 7.34 4.41
- |DxG 5.44 7.17 4.41

SxDxG 6.24

Biological yield (BY)

The results in Table (13) revealed that mean values of biological
yield were 9.0 and 6.32 kg/plot in the first season, 11.18 and 9.94 kg/plot in
the second season for normal and late sowing dates, respectively. Across the
two seasons biological yield means were 10.09 and 8.13 kg/plot across the
two seasons for normal and late sowing date, respectively. The means under
late sowing date across the two seasons were 7.17, 9.47 kg/plot for PBW
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343 and Line 1, respectively. Over all means ranged from 8.26 kg/plot for
Sids14 to 10.21 kg/plot for Line 1 with an average of 9.11 kg/plot.

Table 13. Means of biological yield (kg/plot) for the twelve bread wheat
genotypes under two seasons, two sowing dates and overall.

Season 1 Season 2 Over all

Genotypes Datel |Date2| X |[Datel|Date2| X |Datel |Date2| Mean
Shandaweell 9.39 560 | 750 | 1093 | 9.91 | 10.42 | 10.16 | 7.76 8.96
Line 1 9.65 7.20 8.43 12.25 | 11.73 | 11.99 | 10.95 9.47 10.21
Misr 3 10.10 7.00 8.55 12.38 | 10.69 | 11.54 | 11.24 8.85 10.04
PBW 343 9.00 540 | 7.20 | 9.78 8.94 9.36 9.39 7.17 8.28
Baj 1 8.15 6.50 7.33 11.75 | 11.18 | 11.47 9.95 8.84 9.40
\Vorobey 10.40 6.13 8.27 1188 | 1053 | 11.21 | 11.14 8.33 9.74
Gemmiza 11 8.15 6.00 | 708 | 11.73 | 9.89 | 10.81 | 9.94 7.95 8.94
Gemmiza 12 8.00 6.95 | 7.48 | 11.00 | 8.93 9.97 9.50 7.94 8.72
Sids 14 8.75 5.30 | 7.03 9.86 9.11 9.49 9.31 7.21 8.26
Giza 171 8.80 6.20 | 750 | 11.05 | 10.10 | 10.58 | 9.93 8.15 9.04
Misr 2 8.75 6.78 7.77 10.43 9.15 9.79 9.59 7.97 8.78
Sakha 95 8.80 6.75 | 778 | 11.10 | 9.16 | 10.13 | 9.95 7.96 8.95
Mean 9.00 6.32 | 766 | 11.18 | 9.94 | 1056 | 10.09 | 8.13 9.11
Seasons (S) 0.15 0.18 0.18

10 Dates (D) 0.41 ns 0.18
oS (Genotypes (G) | 0.61 0.81 | 049 | 043 0.42 0.29 0.37 0.45 0.28
0 [SxD 0.25
¥ ISxG 0.52 ns 0.40
- DxG 0.70 0.42 0.40
SxDxG 0.56

Grain yield (GY)

Results of grain yield presented in Table (14) showed that mean
values of grain yield/plot were 3.04 and 1.57 kg in the first season, 3.66 and
3.01 kg in the second season. Means across the two seasons were 3.35 and
2.29 kg under normal and late sowing date, respectively. These results
indicated that late sowing decreased grain yield; this may be due to the high
temperature during grain filling and reducing development of grains which
ultimately decreased the grain yield. Means of grain yield across the two
seasons under late sowing ranged from 2.01 to 2.71 kg/plot for Sids 14 and
Line 1, respectively. Line 1 ranked number one followed by Baj 1 with 2.71
kg/plot and 2.55 kg/plot. Overall means ranged from 2.46 kg/plot for
PBW343 to 3.29 kg for Line 1. Not all traits related to heat tolerance will be
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found in one genotype, but every genotype will have some of these traits,
giving some advantages over the other genotypes.

Table 14. Means of grain yield (kg/plot) for the twelve bread wheat
genotypes under two seasons, two sowing dates and overall.

G Seasonl Season2 Over all HS|
enotypes Date 1|Date 2| X |Date 1{Date 2| X |Date 1Date 2| Mean
Shandaweel 1 3401 175|258 401|319 360 3.71 | 247 | 3.09 | 0.99
Line 1 3521202277 422|339 |381)387|271] 329 | 0.87
Misr 3 3231148 1236|395 323 |359| 359|236 297 | 1.10
PBW 343 28211411212 | 286 | 2.74 | 280| 284 | 208 | 246 | 1.01
Baj 1 259 | 1741217| 412 | 336 |3.74]| 336 | 255 | 295 | 0.67
Vorobey 318|124 1221|386 | 3.15]351| 352|220 | 286 | 1.26

Gemmiza 11 2691139 |204] 389|271 330| 329 | 205 | 2.67 | 0.98

Gemmiza 12 2831159 |221| 316|288 |3.02]| 3.00| 224 | 262 | 0.89

Sids 14 285|145 |215| 3.65| 257 3.11| 325 201 ] 2,63 | 1.00
Giza 171 2731 145|209 3.15| 3.00 | 3.08| 2.94 | 223 | 258 | 0.95
Misr 2 3.29 151 |240| 352|298 [325|341|225| 283 | 1.10
Sakha 95 3.38 | 183|261 | 353 | 3.14 |334| 346 | 249 | 297 | 0.93
Mean 3.04 | 157 | 231| 3.66| 3.01 [334] 335|229 2.82
Seasons (S) 0.06 | 0.06 | 0.10
Dates (D) 0.21 0.23 0.10
0 Genotypes 0.21 |1 0261 0.16| 023 ] 0.19]0.15] 0.15] 0.16 | 0.11
o |SxD 0.14
0 |1SxG 0.21 | ns 0.15
v |IDXG 0.23 0.21 0.15
_i |SxDxG 0.21

In this situation, crossing strategies between the genotypes with
desirable traits to be combined into one genotype is an acceptable option.
On the other hand, cultivating these high yielding genotypes, under heat
stress regions will be a good choice; this will depend upon the breeder
objectives.

Heat susceptibility index (HIS)

Heat susceptibility index, based on grain yield, for all studied
genotypes are presented in Table (14). Tolerant genotypes should have heat
susceptibility index of < 0.75 but moderate tolerant genotypes should have
HSI of 0.75 <1.0, while sensitive genotypes should have HSI >1. The results
showed that heat susceptibility index ranged from 0.67 for Baj 1 to 1.26 for
Vorobey. Based on these categories, the studied genotypes can be
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categorized into three groups i.e. tolerate, moderately tolerant, and sensitive
genotypes. Baj 1 is the most tolerant genotype with HSI = 0.67. While,
moderate tolerant group contained Line 1, Gemmiza 12, Sakha 95, Giza
171, Gemmiza 11, and Shandaweel 1 with HSI = 0.87, 0.89, 0.93, 0.95,
0.98, and 0.99, respectively. Finally, the most sensitive genotypes were Sids
14, PBW343, Misr 3, Misr 2, and Vorobey, respectively.
Correlation among the studied traits

The results indicated that there were significant or highly significant
correlations (Table 15) among the studied traits.

Table 15. Correlation coefficient among the studied traits under normal
(below diagonal) and late (above diagonal) sowing dates for
the studied bread wheat genotypes over the two seasons.

Under late sowing date

Traits

Days to heading
Days to maturity
Grain filling
period
Grain filling rate
Plant height
1000-kernels
weight
No. spikes/m?
No. kernels/spike
Biological yield
Grain yield

Days to heading 1.00 |0.92**| 0.16 |0.89**|0.69**| -0.02 |0.60**| 0.30* |0.86** | 0.86**
Days to maturity |0.91** | 1.00 |0.52** | 0.89** | 0.74** | 0.25* | 0.67** | 0.26* |0.91** | 0.92**
Grain filling period| 0.45** | 0.78** | 1.00 |0.31**|0.37**| 0.10 |0.39** | 0.00 |0.45** | 0.47**
Grainfilling rate | -0.00 | -0.08 | -0.17 | 1.00 |0.72**| 0.02 |0.68** | 0.31** | 0.95** | 0.98**
Plant height 0.85** | 0.91** | 0.68** | 0.00 | 1.00 | 0.17 |0.60** | 0.26* |0.78** | 0.73**
1000-kernels weight| 0.25* | 0.27* | 0.21 | -0.22 | -0.22 | 1.00 |-0.23* | -0.29* | 0.22 | 0.24*
No. spikes/m? | 0.74** | 0.82** | 0.66** | 0.29* |0.78** | -0.21 | 1.00 | 0.05 |0.75**|0.71**
No. kernels/spike |0.63** | 0.62** |.0.40**| -0.05 |0.54**|-0.55**(-0.38**| 1.00 |0.34** | 0.29*
Biological yield | 0.32** | 0.52** | 0.65** | 0.45** | 0.49** | 0.24* | 0.74** | 0.19 | 1.00 |0.97**
Grain yield 0.33** | 0.51** | 0.60** | 0.69** | 0.51** | 0.32** | 0.72** | 0.25* | 0.85** | 1.00

Under normal sowing date

Under normal sowing date, grain yield was significantly or highly
significantly correlated with days to heading (0.33), days to maturity (0.51),
grain filling period (0.60), grain filling rate (0.69), plant height (0.51), 1000-
kernel weight (0.32), number of spikes (0.72), number of kernels/spike
(0.25) and biological yield (0.85). On the other hand, under heat stress
conditions, grain yield had significant or highly significant correlation with
days to heading (0.86), days to maturity (0.92), grain filling period (0.47),
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grain filling rate (0.98), plant height (0.73), 1000-kernel weight (0.24),
number of spikes (0.71), number of kernels/spike (0.29) and biological yield
(0.97). Similar results were obtained by Lopes et al (2012), who found
significant association between grain yield and 1000-kernels weight, days to
heading, and plant height.
Genotypic evaluation:
Marker analysis

In the present study the polymorphism level was determined based
on 11 microsatellite markers; out of them ten were found to be polymorphic.
The marker’s patterns were scored as (1) for presence and (0) for absence of
the amplicon, only the polymorphic markers are included in the analysis and
calculations. The markers’ results (Table 16) showed that total number of
alleles were 57 polymorphic at 10 loci with an average of 5.7 per locus.

R a8 ) WL E123456789101112

Xcfd29 Xbarc229

Fig. 2. The amplified bands in the studied genotypes of Xcfd29 and
Xbarc229 primers.

Where: M= marker 100-1000bp, 1= Shandaweel 1, 2= Line 1, 3= Misr 3, 4=

PBW 343, 5=, Baj 1 6= Vorobey, 7= Gemmiza 11, 8= Gemmiza 12, 9= Sids 14,

10=Giza 171, 11= Misr 2, 12= Sakha 95.
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The number of alleles in this study is more than alleles obtained by
Salem et al. 2014 with an average of 3.2 alleles. Out of the 57 bands 45
bands (78.9 %) were found to be polymorphic. The number of alleles
(Figure 2) ranged between one in Xbarc229 and Xwmc601 up to 14 alleles
in Xcfd29 with an average of (5.7). The variability in number of alleles for
these markers showed how much they are polymorphic which is confirmed
by the high PIC and M1 values for each marker.

PIC and MI indices are used to estimate the polymorphism; these
parameters are widely used in this concern. PIC ranged from 0.54 in
Xgwmd484 up to 0.95 in Xgwm33 and Xgwm389 with an average of 0.8
while, MI ranged from 0.40 for Xgwm261 to 0.89 for Xbarc229 with an
average of 0.67 (Table 16).

Table 16. Summary of SSR primer combination characteristics.

Primer Range of |PB| NPB No. of alleles PPB PIC M
Xgwm33 52-235bp | 5 1 6 0.83 0.95| 0.79
Xgwm389 47-205bp | 5 2 7 0.71 0.95| 0.68
Xgwm513 56-704 bp | 6 1 7 0.86 0.85| 0.73
Xgwm261 52-198 bp | 2 2 4 0.50 0.80 | 0.40
Xgwmb577  |67-1111 bp| 6 1 7 0.86 0.86 | 0.74
Xcfd29 51-1571 bp| 10 4 14 0.71 0.92| 0.66
Xbarc229 73 bp 1 0 1 1.00 0.89 | 0.89
Xgwm484 55-182bp | 5 0 5 1.00 054 | 0.54
Xgwm?293 54-188bp | 4 1 5 0.80 0.83 | 0.66
Xwmc601 65 bp 1 0 1 1.00 0.66 | 0.66
Total 45 12 57 8.28 8.25| 6.75
Mean 45 1.2 5.7 0.83 0.83| 0.67

Where: PB = number of polymorphic bands, NPB = number of non-
polymorphic bands, PPB = percentage of polymorphic bands, PIC =
polymorphic information content, and MI = marker index.

Single marker analysis using simple linear regression was performed
to determine the association between a specific marker/s and particular
trait/s under late sowing traits mean over the two seasons. Karl Pearson
Coefficient (Table 17) indicated significant or highly significant association;
with positive values in some cases and negative values for the others.
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Table 17. The linked SSR markers to some agronomic traits based on

Karl Pearson coefficient.

Markers | Trait | Band r P R? Genotypes*

Xcfd29 D.M |[1571 bp| 0.80** | 0.002 | 0.46 |Shandaweel 1 with 127.5 days
Xgwm389 | PLH | 192 bp | -0.66* | 0.018 | 0.44 |Baj 1 with 80.2cm
Shandaweel 1 with 39.3 days
Xgwm293 | GFP | 87 bp | 0.58* |0.046 | 0.34 [Sakha 95 with 38.7 days
Shandaweel 2 with 36.8 days
Shandaweel 2 with 48.8 mg/day
Xgwmb77 | GFR | 437 bp | 0.67* | 0.016 | 0.46 [Shandaweel 1 with 46.4 8 mg/day
Gemmiza 12 with 42.1 mg/day
Gemmiza 12 with 49.4 kernels/spike
Misr 2 with 47.4 kernels/spike

Baj 1 with 0.67
Xgwm577 | HSI | 437 bp |-0.71** [ 0.010 | 0.50 [Shandaweel 2 with 0.87
Gemmiza 12 with 0.89

Xcfd29 GY | 828bp | 0.59* |0.040| 0.34 |Shandaweel 2 with 2.71 kg/plot
Where: *, ** are significant and highly significant at 0.05 and 0.01 probability,
respectively. P, r, and R? are P-value, Kael Pearson, and coefficient of
determination, respectively. ¥ are the genotypes with the specific amplified
bands along with the mean of these traits under late sowing date over the two
seasons, and r is Karl Pearson coefficient.

Xgwm389 | K/S | 128 bp | 0.65** | 0.022 | 0.42

The usefulness of positive and negative coefficients depends on the
trait itself. For example, the positive coefficient is desirable in case of days
to maturity, grain filling period, grain filling rate, and grain yield while the
negative coefficient is preferable in case of heat susceptibility index.
Terminal heat stress reduces days to maturity consequently; shorten grain
filling period as well as plant lifetime. For this reason, the number of days to
maturity is preferred to be long (till a particular limit) under heat stress. A
positive, high, and highly significant association (0.80**) was found
between Xcfd29 (1571 bp band) and days to maturity (Shandaweel 1 with
mean across the two seasons = 127.5 days). A negative, high, and
significant association (r = -0.66*) was found between Xgwm389 (192 bp
band) and plant height (Baj 1 with mean across the two seasons = 80.2 cm);
where it was not desirable in this case. On the other hand, a positive, high,
and significant association (r = 0.58*) was found between Xgwm293 (87 bp
band) and grain filling period. In the same context, Xgwm577 with a
specific band of 437 bp and grain filling rate (r = 0.67*), Xgwm389 with a
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specific band of 128 bp and number of kernels/spike (r = 0.65**). The
situation is different in case of heat susceptibility index where negative
association is desirable, where, a negative, high, and highly significant
association (r = 0.71**) was found between Xgwm577 (437 bp) and heat
susceptibility index. A positive, high, and significant association (r = 0.59%)
was found between Xcfd29 (828 bp) and grain yield.

These markers are candidate linked markers for these traits and can
be used in marker assisted selection (MAS). These results are in agreement
with those obtained by Paliwal et al (2012) and Abdelsabour et al (2019),
who they suggested some markers as candidate linked markers for some
important agronomic traits to be used in MAS. The linked SSR markers,
associated traits, specific amplified bands, Karl Pearson coefficient (r), and
the genotypes with the amplified bands are presented in Table (17).

The primers patterns revealed that there is an amplified band is
unique to a specific genotype (Table 18). Some of these bands are
associated with some agronomic traits i.e. Xcfd29 (1571bp) is unique to
Shandaweel and associated with days to maturity. On the other hand, some
bands are unique to particular genotypes e.g. Xgwmb577 (1111 bp) with
Gemmiza 12, Xgwm513 (413 bp) with VVorobey (Figure 3).

Table 18. Unique bands for SSR marker amplified in some of the
studied genotypes.

Genotype Marker |Specific band/s Trait
Shandaweel 1 Xcfd29 1571 bp Days to maturity
PBW 343 Xgwm33 227 bp None of the studied traits
Baj 1 Xgwm389 192 bp Plant height
Vorobey Xgwmb513 413 bp Positive association with heat
Gemmiza 11 Xgwm33 102 bp None of the studied traits
Xgwmb13 186 bp
Gemmiza 12 | Xgwm577 1111 bp None of the studied traits
Xcfd29 308 bp
Sakha 95 igwmggg 35 EE None of the studied traits

Although, these markers are not associated with any of the studied
traits, they may be associated with traits other than those studied in the
current investigation. These specific fragments need further investigation
with traits other than the studied traits.
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Fig. 3. The amplified bands in the studied genotypes by using Xcfd29
and Xbarc229 primers.

Where: M= marker 100-1000bp, 1= Shandaweel 1, 2= Line 1, 3= Misr 3, 4=
PBW 343, 5=, Baj 1 6= Vorobey, 7= Gemmiza 11, 8= Gemmiza 12, 9= Sids 14,
10= Giza 171, 11= Misr 2, 12= Sakha 95.

Genetic distance

Dissimilarity matrices for the agronomic traits under normal and late
sowing dates conditions were computed (Euclidean coefficient). The
dendrogram was constructed for the agronomic traits (Figure 4), using
unweighted pair group method with arithmetic mean (UPGMA), to
distinguish between the genotypes based on their performance under normal
and late sowing dates’ conditions. The dendrogram of genetic distance for
the studied genotypes, based on their performance under normal sowing
date conditions, (Figure 4 a) clustered the genotypes into four forks. The
closest genotypes based on agronomic traits under normal conditions were
Sakha 95 and Misr 2 while, the most distant were Sakha 95 and Baj 1. On
the hand, the dendrogram for genetic distance of the studied genotypes,
based on performance under late sowing date condition, (Figure 4 b)
clustered the genotypes into four clusters. The closest genotypes based on
agronomic traits under terminal heat stress were Giza 171 and Vorobey
while the most distant were Giza 171 and Misr 2.

Xgwmb513 (413 bp)
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Fig. 4. Phylogenetic tree among the studied bread wheat genotypes
based on the agronomic traits under normal (a) and late sowing

date (b).
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In both dendrograms, each cluster contained number of genotypes.
The genetic distances in the two dendrograms were quite different in some
way; this can be attributed to the performance for the studied genotypes
under normal and late sowing dates.

The dissimilarity matrix (Dice coefficient) between the genotypes
based on the markers’ patterns was computed, consequently, the
dendrogram was constructed (figure 5).

Cluster Analysis
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Awerage Distance Between Clusters

Fig. 5. Phylogenetic tree among the studied bread wheat genotypes
based on SSR fragments.

The closest genotypes were Misr 2 and Giza 171 while, the most
distant was Gemmiza 12 and Misr 2. The dendrogram grouped the
genotypes into seven clusters. Most of the clusters contained one or two
genotypes except one cluster contained four genotypes. This dendrogram is
branched into many clusters and quite different than the other two
dendrograms; because it was constructed based on DNA polymorphism
based markers. DNA polymorphism based markers cover a large portion of
genome and can give a clear-cut differentiation between so many genotypes.
The most distant genotypes can be utilized in breeding programs.
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