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Abstract

Considering the rapid climatic changes in the past few years, the effect of high temperature on wheat productivity
is global concern. Heat stress is one of the major abiotic stresses reducing wheat production. Heat stress reduces
grain weight and number, chlorophyll content and photosynthesis activity. This study was carried out during two
successive seasons 2018/2019 and 2019/2020 at Almatana agricultural Research Station, Luxor, Upper Egypt, to
investigate the effect of two sowing dates 20" November (favorable sowing date) and 10" January (late sowing
date, after sugarcane harvest) on yield characters, of twenty bread wheat genotypes. The objective was to
understand heat stress effects on grain yield and its components to estimate some selection indices for heat
tolerance in wheat. The studied characters were number of spikes/m2, number of kernels/spike, 1000-kernel
weight and grain yield (ton/ha). Results indicated that sowing dates and genotypes had significant effects for all
studied characters. Delaying sowing date after sugarcane harvest reduced no. of spikes/m?, no. of kernels/spike,
1000-kernel weight and grain yield by an average of 31.62, 32.85, 32.76 and 37.74%, respectively, compared to
the favorable sowing date. Highest grain yield (8.81) t/ha under favorable sowing date was for gemmeizall, while
shandaweell gave (5.92) t/ha the highest grain yield under late sowing date. Heat susceptibility index (HSI) over
all two seasons ranged from 0.78 for Shandaweell, to 1.23 for genotype Line8.
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1. Introduction In the Arab World, Egypt the most populous
country, it's also considered the largest importer
of wheat globally. Consumption of this cereal
per capita is the highest in the world.
Simultaneously, ensure accessibility to this
important staple food by all Egyptian nationals
has also been a fundamental part of the nation’s
social policies. The strategic relevance of the
wheat has resulted in a strong involvement of
the State at all levels of the wheat value chain.
In 2020, the total cultivated area is estimated at

Food security means that all the people, at all
places and all times, have social, physical, and
economic access to safe, and adequate food that
meets their preferences and food needs for a
healthy and active life as defined by the United
Nations” Committee on World Food Security
(IFPRI, 2021).

Extreme temperature is one of the main
abiotic stress factors limiting the growth and

productivity Of_ wheat  varieties. Despite 1.4 million hectares, while the Egyptian wheat
ex_posure of cultivars to heat stress may differ production approximately 8.9 million tons
with the stage of plant development, all (FAO, 2020).

reproductive and vegetative stages are affected

- i Luxor governorate represent Upper Egypt
by high temperature (Wahid et al., 2007).

region situated in the southern part of the

*Corresponding author: Mohamed Mohiy, country, the region is characterized by high
Email: Mohamed.mohiy@yahoo.com temperature. Sugarcane the main crop in Luxor
Received: September 20, 2021; Accepted: November 16, .

2021 Published online: November 17. 2021 governorate followed by wheat. The cultivated
©Published by South Valley University. area of sugarcane and wheat in (2020) was

This is an open access article licensed under ClOE)
172


mailto:Mohamed.mohiy@yahoo.com
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.21608/SVUIJAS.2021.95835.1142

Mohiy et al.,

SVU-International Journal of Agricultural Sciences, 3 (4): 172-179, 2021

about 28000 and 17000 hectare, respectively.
The area of old ratoon crops is about 10% of
sugarcane total area (Sugar crops council,
2020). Farmers in Luxor governorate aim to
maximize the economic benefit gained from
their fields through growing wheat after harvest
the old ratoon crops of sugarcane to satisfy
their food and social needs. However, it was
found that sowing wheat after harvest the old
ratoon crops of sugarcane delays planting
wheat to January (more than 50 days), which
negatively reflects in a substantial reduction in
growth characters and quality traits as well as
wheat yield.

Optimum planting date affects the solar
radiation, temperature and water available for
the crop (Silva et al., 2014). Increased grain
yield comes from suitable sowing dates,
superior varieties as well as favorable
environmental conditions (Coventry et al.,
2011).

Grain vyield is a complex character
depends on several components: number of
spikes per unit area, number of kernels/spike
and kernel weight, and highly affected by
environmental fluctuations, improving one of
these component might have positive or
negative impact on other components character
(Chandra et al., 2004).

Our objectives were to understand the
effects of high temperature on grain yield and
its components and screen some exotic lines
and local cultivars of bread wheat for heat
tolerance and used in breeding programs.

2. Materials and methods
2.1. Growing conditions

Seventeen bread wheat lines had been
selected from High Rainfall Wheat Yield Trail
(22" HRWYT - CIMMYT) plus three Egyptian
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cultivars i.e., Shandaweell, Gizal7l and
Gemmeizall (Table 1) were evaluated under
two sowing dates in 2018/19 and 2019/20
seasons.

Sowing dates were 20" November, and
10" January in the two seasons. The
experimental design was randomized complete
blocks (RCBD), with three replications for each
sowing date. The plot size was 3.5 m long with
2.4 m width (3.5 x 2.4 = 8.4 m?. Each plot
included 12 rows; 20 cm apart between rows.
The recommended practices of wheat
production were applied all over the growing
seasons. The agronomic characters studied
were Number of spikes/m? (S/m?), Number of
kernels/spike (K/S), 1000-kernel weight (1000-
KW) and Grain yield (GY).

2.2. Climatic data

Monthly temperature and means of
maximum, minimum temperature from sowing
date to booting, booting to heading and heading
to maturity of favorable and late sowing dates
are summarized in Table (2).

2.3. Statistical analysis

Data were subjected to the standard
analysis of variance and the combined analysis
of variance according to (Gomez and Gomez
1984).

Heat susceptibility index (HSI) was
estimated according to (Fischer and Maurer,
1978) as: HSI = (1 - Yd/ Yp) / D. Where: Yd =
mean yield under stress conditions, Yp = mean
yield under non-stress conditions = potential
yield, D = Heat stress intensity = 1 - (mean Yd
of all genotypes under heat / mean Yp of all
genotypes under favorable).
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Table 1. Names and pedigrees of the studied bread wheat genotypes.

Elr(])t Elr:r;'le Pedigree Origin
1 Linel ESSOERO0108 0 ORI 03ONI-09ON- S9RGY-OB-IBMXORGY CIMMYT
2 Line2 gﬂhlj;—gozlél\égggjg-;g\ésl-_fl)_9l€)M-099NJ-099NJ-4RGY-OB CIMMYT
*

8 Lines gﬂﬁggo%/¢'\ég§§jé2-og\£;é9l9m-099NJ-099NJ-16RGY-OB CIMMYT
*

4 Lined CMSS08 Y 002355.090Y DBOM-098N-RGY 08 CIMMYT
*

5  Lines CMISSDTY 00355000 DGOM-CGSNGTRGY-0B CIMMYT
*

6 Lineb gl\?l%?éév\ggilgsl-%gé\%;am-099NJ-099NJ-3RGY-OB CIMMYT

o Line? ND643/2*WBLL1//KACHU CIMMYT

CMSS08Y00235S-099Y-099M-099NJ-099NJ-6RGY-0B

. TUKURU/BAV92/RAYON/3/ND643/2*WBL L1
8  Lines CMSS08Y00351S-099Y-099M-099NJ-099NJ-4RGY-0B CIMMYT

9 Line9 CHIBIA//PRLII/CM65531/3/FISCAL*2/4/TAM200/TURACO CIMMYT
CMSS08Y00850T-099TOMP-099Y-099M-099NJ-099NJ-2RGY-0B

. CHIBIA//PRLII/CM65531/3/FISCAL*2/4/NIINI #1
10 Linel0 CMSS08Y00851T-099TOMP-099Y-099M-099NJ-8RGY-0B CIMMYT

MUTUS*2//ND643/2*WBLL1
CMSS08Y00872T-099TOMP-099Y-099M-099NJ-099NJ-9RGY-0B
FRANCLN/BAVIS #1//[FRANCOLIN #1
CMSS08Y00912T-099TOMP-099Y-099M-099NJ-099NJ-8RGY-0B

13 Linel3 WBLL1*2/BRAMBLING//TM200/TUI/3/VILLAJUAREZF2009 CIMMYT
CMSS08Y00912T-099TOMP-099Y-099M-099Y-2M-0RGY

14 Linel4 WHEAR/KUKUNA/3/C80.1/3*BATAVIA//2*WBLLI*2/4/NIINI #1 CIMMYT
CMSS08Y00924T-099TOMP-099Y-099M-099NJ-099NJ-8RGY-0B

WHEAR/KUKUNA/3/C80.1/3*BATAVIA//2*WBLLI*2/4/NIINI #1
CMSS08Y00924T-099TOMP-099Y-099M-099NJ-099NJ-12RGY-0B

. WBLLI/KUKUNA//TACUPETOF2001/3/BERKUT/PBW343*2/KUKUNA
16 Linel6 CMSS08B00153S-099M-099Y-13M-0RGY CIMMYT

17 Linel7 VILLAJUAREZF2009/5/BABAX/LR42//BABAX*2/4/SNI/TRAP#1/... CIMMYT
CMSS08B00153S-099M-099Y-15M-0RGY

18 Shandaweell SITE/MO/4INAC/TH.AC//3*PVN/3/MIRLO/BUC EGYPT
CMss93B00567S-72Y-010M-010Y-010M-3Y-OM-0THY-0SH

. SAKHA 93/GEMMEIZA 9
19 Gizal7l GZ 2003-101-1GZ-4GZ-1GZ-2GZ-0GZ EGYPT

. BOW"S"/KZ"S"//TCIAERY 82/3/GIZA 168/SAKHA 61
20 Gemmeizall GM78922-GM-1GM-2GM-1GM-0GM EGYPT

11 Linell CIMMYT

12 Linel2 CIMMYT

15 Linel5 CIMMYT

Table 2. Mean maximum, minimum air temperature (C) during growth stage in favorable and late sowing date at Almatana
Research Station.

2018/2019 2019/2020
Months - -
Max Min Avg Max Min Avg

November 28.30 1491 21.61 30.56 16.84 23.70
December 21.87 9.46 15.67 23.83 9.65 16.74
January 20.78 7.24 14.01 20.65 7.67 14.16
February 2412 10.30 17.21 23.61 9.72 16.67
March 27.25 12.63 19.94 28.90 14.73 21.82
April 32.63 17.52 25.08 32.73 18.83 25.78
May 40.09 24.18 32.14 38.32 23.60 30.96

Almatana Research Station - Luxor governorate 2525'18"N 32°32'06"E
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3. Results and discussion
3.1. Heat stress impacts on wheat

Globally, wheat production had been
largely affected by the high temperatures. An
increase in temperature by 1°C reduces wheat
production by 6% (Asseng et al., 2011).

All the different stages of wheat
development are affected by heat stress,
resulting in a huge reduction in grain yield.

However, the effect of heat stress is related to
the period of exposure to high temperature
during the growth stage. (Padam and Mukti,
2020) (Table 2).

3.2. Analysis of variance

Results in table 3 indicated that sowing
dates, genotypes and (genotypes X sowing
dates) had significant effects for all studied
characters in both growing seasons.

Table 3. Analysis of variance for grain yield and its components across the two sowing dates and wheat genotypes in 2018/19

and 2019/20 seasons.

2018/2019 season
Means of squares
Sov af S/IM? KIS 1000-KW GY
Sowing dates (SD) 1 537655.56** 8175.17** 7602.53** 238.82**
Error 4 223.33 106.63 33.01 0.31
Genotypes (G) 19 3141.75** 202.77** 140.32** 6.76**
G xSD 19 66.42%* 8.38** 5.3** 0.6**
Pooled Error 76 1920.50 25.52 15.85 0.11
2019/2020 season
Means of squares
Sov af S/M? KIS 1000-KW GY
Sowing dates (SD) 1 572103.14** 10850.69** 10100.59** 224.28**
Error 4 7789.06 13.31 54.93 0.02
Genotypes (G) 19 3234.98** 142.34** 107.97** 4.6%*
G xSD 19 117.01** 3.42** 5.74%* 0.31**
Pooled Error 76 1597.18 44.21 17.19 0.15

3.3. Effect of sowing dates

Heat stress (delaying the sowing)
decreased significantly all studied traits no. of
spikes per unit area, no. of kernels/spike, 1000-
kernel weight and Grain yield (Tables 4).

Among vyield components, no. of
spikes/m? was least affected (31.62%) by heat
stress. Increase and decrease in no. of spike/m?
it’s due to the high production of tillers in
favorable sowing date which Low temperatures
during of vegetative stage and high
temperatures decrease the period of vegetative
stage in late sowing date (Ayeneh et al., 2002).

No. of kernels/spike was affected more by
high temperature and reduced by 32.85%. The
decrease in no. of kernels/spike is due to the
increase in  number of sterile spikelets
(Modarresi et al., 2010). The period of
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flowering, which begins about 20 days before
flowering and lasts 10 days after anthesis,
withstands temperature up to a maximum of
31°C without any reduction in number of grains
(Talukder et al., 2014). High temperature
reduces number of days to anthesis, and thus a
few number of grains/spike.

Results showed that high temperature
begun in start of grain filling and continued
until ripening had a negative impact on 1000-
kernel weight (32.76%) reduction. Grain
development depends on the grain duration rate
and grain filling period which is highly
sensitive to heat stress (Padam and Mukti,
2020). 1°C - 2°C rise in temperature reduce
grain weight due to decrease in grain filling
period. High temperatures during grain filling
may reduce grain yield up to 24% (Nahar et al.,
2010). Grain yield was most affected 37.74%
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by heat stress, (6.72 t/ha) under favorable
sowing date compared to (4.18 t/ha) under late
sowing date. (Asseng et al., 2015) evaluated 30
varieties of wheat in 30 different locations
worldwide at different temperatures 15°C to
32°C. Results showed 28% reduction in grain
yield by increasing temperature 2°C and the
reduction could be 55% for 4 °C rise in
temperature. It was also founded that 1°C
increase in temperature could reduce grain
yield by 6%. (Riaz et al., 2021) reported that

wheat grain vyield is highly influenced by
photosynthesis, which is one of the most
important physiological processes for the plant.

Under heat stress conditions many authors
have reported that poor germination, reduced
number of tillers, reduced pollination and
fertilization, decreased in number of spikes per
unit area, number of grains/spike and grains
weight, all these lead to decreased wheat grain
yield. (Irfaq et al., 2005).

Table 4. Mean comparisons of the studied traits in over the two sowing dates.

Sowing dates Mean
S/m? K/S 1000-KW GY (t/ha)
20" November 393 49 47.75 6.718
10t January 269 33 32.11 4,183
Reduction % 31.62 32.85 32.76 37.74
LSD 0.05 47.77 6.73 4.63 0.418

3.4. Mean performance of genotypes

Considerable genetic  variation  was
observed between wheat genotypes for their
resilience to high temperatures. To improve or
develop wheat genotypes for high temperatures
tolerance, the initial step is to assess all the
cultivated species genetic variability for high
temperatures tolerance and to select genotypes
a high ability to withstand heat stress (Riaz et
al., 2021).

In general, genotypes are evaluated
through location and time according field
conditions by modifying sowing dates or
choosing locations, which are featured by high
temperature (Rane and Nagarajan, 2004).

Mean number of spikes/m? for genotypes
indicated that Shandaweell had the highest
number of spikes/m? (381) and the lowest
belonged to Line9 see (Table 5). The greatest
number of kernels/spike (367) belonged to
Gizal71 (63) and least number of kernels/spike
was (26) for Linel4 (Table5). Data in (Table 6)
showed that 1000-kernel weight obtained from
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Gizal7l (48.95 g) and 1000-kernel weight
(31.52 g) belonged to Linel. Results in (Table
6) indicated that the highest grain vyield
produced by Gemmeizall (7.23 t/ha) and the
lowest belonged to Linel7 (4.160 t/ha).

3.5. Genotypes x sowing dates

Grain yield is the most important character
to evaluate the flexibility of wheat to
environmental changes. Mean of grain yield for
all genotypes in the tow sowing dates are
presented in (Table 6).

The combined average for grain yield over
two seasons ranged from (5.13 t/ha) for Linel7
to (8.81 t/ha) for Gemmeizall with an average
of (6.72 t/ha). The Linel, Line2, Line3, Line4,
Line5, Line6, Line7, Line8, Shandaweel,
Gizal7l and Gemmeizall had the highest
grain yield compared to the grand mean over
two seasons under favorable sowing date (20"
November). Under late sowing date 10%
January the lowest and highest grain yield were
(3.19 t/ha) and (5.92 t/ha) for Linel7 and
Shandaweell, respectively.
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Table 5. Mean of spikes/m? and number of kernels/spike affected by seasons and genotypes.

S/m? K/S

Genotype D1 D2 Mean Red:;/;:tlon D1 D2 Mean Red(L)J/((J:tlon
Linel 415 286 350 31.12 44 28 36.08 35.98
Line2 392 266 329 32.27 50 34 41.67 31.65
Line3 415 291 353 29.79 52 35 43.50 32.15
Line4 390 271 330 30.55 50 34 41.75 32.44
Line5 400 271 335 32.29 51 36 43.08 29.93
Line6 401 273 337 31.96 46 31 38.25 32.48
Line7 414 297 355 28.30 46 31 38.33 33.94
Line8 396 268 332 32.24 48 32 39.58 33.33
Line9 367 248 307 32.47 55 36 45.33 35.15
Linel0 373 258 315 30.97 51 34 42.00 33.66
Linell 397 257 327 35.35 51 33 41.83 34.87
Linel2 391 257 324 34.40 51 35 42.83 30.92
Linel3 369 248 309 32.79 45 28 36.75 37.87
Linel4 374 257 316 31.28 40 26 33.17 34.85
Linel5 391 269 330 31.24 41 27 34.08 33.74
Linel6 392 272 332 30.65 51 34 42.50 3224
Linel7 391 268 329 31.37 42 28 35.00 32.67
Shandaweell 445 316 381 28.93 62 44 52.92 28.38
Gizal7l 443 304 374 31.28 63 43 52.75 31.65
Gemmeizall 392 273 332 30.31 59 40 49.25 32.10
Mean 393 269 331 31.62 49 33 4153 32.85
LSD 0.05 45 51 6.8 6.7

D1: Favorable sowing date (20" November).
D2: Late sowing date (10™ January).

Table 6. Mean of 20 genotypes for 1000-kernel weight (g) and grain yield (t/ha) averaged two seasons.

1000-KW GY (t/ha)

Genotype D1 D2 Mean Redg/;:tlon D1 D2 Mean Redg/;:tlon
Linel 38.50 24.55 31.52 36.24 8.61 5.20 6.90 39.64
Line2 4474 30.10 37.42 32.72 8.13 4.83 6.48 40.59
Line3 48.65 33.49 41.07 31.18 7.46 4.37 5.92 41.40
Line4 43.91 29.29 36.60 33.29 7.33 4.37 5.85 40.40
Line5 45,56 30.24 37.90 33.64 7.38 4.25 5.82 42.41
Line6 42.86 26.43 34.65 38.34 7.08 453 5.81 36.03
Line7 44.73 29.18 36.95 34.76 6.73 4.06 5.39 39.69
Line8 54.02 36.34 45.18 32.72 6.91 3.70 5.30 46.44
Line9 50.17 31.72 40.94 36.78 6.29 4.27 5.28 32.15
Linel0 41.26 28.78 35.02 30.24 6.40 4.06 5.23 36.52
Linell 43.81 29.59 36.70 32.47 6.34 3.91 5.12 38.38
Linel2 48.80 32.42 40.61 33.57 6.22 3.99 5.11 35.84
Linel3 45.15 31.48 38.31 30.29 6.17 4,01 5.09 35.04
Linel4 48.93 34.15 41.54 30.21 6.00 3.59 4.79 40.25
Linel5 56.36 39.09 47.72 30.65 5.99 3.52 476 41.19
Linel6 46.16 31.10 38.63 32.63 5.70 3.72 4,71 34.83
Linel7 4421 29.69 36.95 32.85 5.13 3.19 4,16 37.88
Shandaweell 53.82 36.68 45.25 31.85 8.39 5.92 7.15 29.49
Gizal71 58.33 39.57 48.95 32.16 8.73 5.60 7.16 35.88
Gemmeizall 54.18 37.70 45.94 30.41 8.81 5.64 7.23 36.01
Mean 47.75 32.11 39.93 32.76 6.72 4.18 5.45 37.74
LSD 0.05 4.48 4.84 0.45 0.39

D1: Favorable sowing date (20" November).
D2: Late sowing date (10™ January).

performance of genotypes under no-stress, and
3.6. Heat Susceptlblllty index (HS') heat stress environment.
HSI <1 indicates the tolerance of genotype

H leran m r h
eat tolerance as measured by heat 10 heat stress whereas.

susceptibility index reflects the stability of
177
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HIS >1 indicates susceptibility of the
genotypes under stress. Means of grain yield
(tha) of the 20 genotypes simultaneously
grown under favorable sowing date (D1) and
late sowing date (D2) are shown in (Table 7).

Heat susceptibility index (HSI) established
on grain yield for the genotypes under study in

the two seasons. Shandaweell then Line9
followed by Linel6, Linel3, Line6, Linel2,
Gizal7l and Gemmeizall and in the latter
Linel0 had HSI values below unity for the
mean of the two seasons, so these genotypes
were considered to be tolerant to heat stress.

Table 7. The mean of grain yield of 20 genotypes in favorable and heat stress with heat susceptibility index (HSI).

Genotypes 2018/2019 2019/2020 Over all
D1 D2 HSI D1 D2 HSI D1 D2 HSI
Linel 8.13 4.86 0.98 9.09 5.53 1.12 8.61 5.20 1.05
Line2 7.83 4.19 1.13 8.43 5.47 1.01 8.13 4.83 1.08
Line3 7.25 4.01 1.09 7.68 474 1.10 7.46 4.37 1.10
Line4 7.17 4.17 1.02 7.48 457 1.12 7.33 4.37 1.07
Line5 7.37 3.71 1.21 7.40 4.80 1.01 7.38 4.25 1.12
Line6 6.35 3.79 0.98 7.81 5.26 0.94 7.08 453 0.95
Line7 6.40 3.65 1.05 7.06 4.47 1.05 6.73 4.06 1.05
Line8 6.28 3.12 1.23 753 4.28 1.24 6.91 3.70 1.23
Line9 5.76 3.87 0.80 6.82 4.66 0.91 6.29 4.27 0.85
Linel0 5.83 3.42 1.01 6.97 471 0.93 6.40 4.06 0.97
Linell 5.68 3.19 1.07 7.00 4.62 0.98 6.34 3.91 1.02
Linel2 5.85 3.71 0.89 6.59 4.28 1.01 6.22 3.99 0.95
Linel3 5.56 3.42 0.94 6.77 459 0.92 6.17 401 0.93
Linel4 5.36 3.00 1.07 6.64 4.17 1.07 6.00 3.59 1.07
Linel5 5.86 3.05 1.17 6.12 4.00 1.00 5.99 3.52 1.09
Linel6 4.91 3.06 0.92 6.49 437 0.94 5.70 3.72 0.92
Linel7 4.45 2.88 0.86 5.81 3.50 1.14 5.13 3.19 1.00
Shandaweell 7.85 5.30 0.79 8.93 6.53 0.77 8.39 5.92 0.78
Gizal71l 8.70 5.40 0.92 8.76 5.80 0.97 8.73 5.60 0.95
Gemmeizall 8.76 5.47 0.92 8.86 5.82 0.99 8.81 5.64 0.95
Mean 6.27 3.69 7.17 4.67 6.72 4.18
4. Conclusion 5. References
In conclusion. the results of this Asseng, S., Foster, I. and Turner, N.C. (2011)

investigation provided the lines, Line6, Line9,
Linel0, Linel2, Linel3 and Linel6 were
suitable lines to be cultivated under heat stress
areas, further the three Egyptian cultivars
Shandaweell, Gizal7l and Gemmeizall
showed low heat susceptibility index (HSI<1)
for grain yield and were thus consider as heat
tolerant cultivars.
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