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Abstract: Wheat genotypes have  to  adopt  for elevated temperature and atmospheric growing conditions
which occur in Sudan resulting from climate change. Twelve wheat bread genotypes were studied at different
sowing dates; optimum sowing (15 Nov.) and late sowing (15 Dec.), to test the effect of late sowing on the
performance of yield and other  agronomic components, during the winter season (2010/2011). Experimental
plots were prepared based on split-plot experimental design with three replications. The results revealed
significant differences genotypes for the effect of sowing date on the traits, except for days to 50 % flowering,
number of spikelets/spike, number of grains/plant and number of grains/spike. Moreover, genotypes × sowing
date interaction (G × S) showed significant differences for days to 50 % flowering, plant height and 1000-grain
weight. For the other traits, G × S showed no significant differences. Under the optimum sowing, the yield was
in the range 1.55- 2.80 t ha , while the late sowing the range was 1.20- 2.42 t ha . Late sowing reduced yield/ha1 1

by up to 16%. Under the optimum sowing and the late sowing, the genotype TEVEE-1/SHUHA-6 gave the
highest yield/ha. In conclusion, the genotypes exhibited great variability due to the effect of late sowing.
Among  the  studied genotypes, TEVEE-1/SHUHA-6, ZAIEM-4, MAZRAA-2, KAUZ/KAPSW and ADEL-3
are the most potential heat-tolerant, stable across contrasting environments (optimum versus late sowing) and
with adequate yield potential under optimum sowing conditions compared to the check cultivar Imam.
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INTRODUCTION grain-filling period. At present, the area cropped by wheat

Bread wheat (Triticum aestivum L.) belongs to the production is about 65000.5 ha; with an average yield of
family Poaceae, is one of the most important domesticated 4.2 t ha  and total  production  of  680000  metric tons.
cereal grain crop grown in irrigated environments and The  total  production  of wheat in  the world is about
rain-fed production systems with moderate to high rains 629.6 million tons [1]. This expansion of wheat into areas
around the world. In Sudan, the crop is traditionally beyond its general adaptation has been necessitated by
grown in the Northern and River Nile State as a winter the ever-increasing demand for wheat arising from
crop where the environmental conditions are suitable for changes in eating habits of the Sudanese people,
its production in term of longer winter. Although the crop population growth, and migration from rural areas to cities
is of temperate origin, its cultivation in Sudan has recently and the changes in consumer patterns. Despite the
expanded into non-traditional area as a winter crop in the increase of areas cultivated by wheat crop from 1726.225
irrigated schemes (e. g., Gezira, Rahad and New Halfa) ha in 2007 to 1742.892 ha in 2008, but productivity was
where land and water are abundant. These areas are reduced from 650000 tons to 2620000 tons [2]. Many biotic
characterized by a short wheat growing season of about and abiotic stresses  were  found to reduce yield and
110 days (mid-November to early March) with early and affect yield stability in Sudan. Temperature is the most
late sowing date and short hot spells occur during the important  abiotic   stress  factor  influenced  directly by

in the Sudan, is about 82.000 ha. The total area under
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climate;   beside    water   logged   soils,   acidic   soils, Layout of the Experiment: The experiment was conducted
zinc-deficient  soils  and  soils with toxic levels of boron. twelve groups genotypes of wheat (Triticum aestivum L.)
All  of  these  stresses  can  pose serious problem for as follows: TEVEE-1/SHUHA-6, MAZRAA-2 (Chil),
wheat farmer, especially in the less-favored growing MARSAA-2 (Kar), JAWAHIR-1 (Shuha), KAUZ/KAPSW
environment. In addition to abiotic stresses, there is also (Kauz), ADEL-3 (Samr/Pastor), ZAIEM-4 (Henne),
many biotic or ‘living stresses’ such as diseases, insects CHAM-4/GRU90-202579, Qimma-2,Hudieba-1, Hudieba-2,
and weeds, which can reduce wheat yields [3]. and Imam (check cultivar), were obtained from

In central Sudan (non-traditional areas), the effect of International Center for Agricultural Research in the Dry
late sowing becomes more serious than the Northern Area (ICARDA) Syria, and was carried out in the field
States. In these areas, the high temperature prevail during using a split-plot design with three replications, sowing
the beginning and the end of the cropping cycle leading dates were assigned to the main plot used: (1) optimum,
to reduced crop productivity, and considerable variability and (2) late sowing date according to genotypes subplots.
in bread wheat performance over years was observed [4]. Each genotypes seeds were grown in sub-plot (1.6m ).
Expanding  wheat  production  in new non-traditional The sub-plot consisted of 4 rows each 2m long and 20cm
areas necessitates development of adapted heat tolerant apart. The experimental area was disc ploughed and disc
wheat cultivars. Therefore, the objective of  this study harrowed to crush clods and then leveled. The seeds of
was to investigate and evaluate the effect of late sowing the genotype were sowing on November 15  and
on the performance of different wheat genotypes and to December 15  2010,  and  water irrigation was applied at
identify the most heat tolerant adapted genotypes. 10-14 days interval with a total of 11 irrigations during the

MATERIALS AND METHODS rate of (20 kg ha ) before the second irrigation. Weeding

Experimental Area: The present study was conducted in grains-filling, using hand hoe.
the Demonstration Farm of the Faculty of Agriculture,
University of Khartoum, which is located latitude 15° 40' Data Collection: Ten plants were selected randomly from
N. and longitude 32° 32' E during the winter growing each genotype/replicate and used to record the vegetative
season (November to April 2010/2011). The climate of the characters including: Days to 50% flowering, plant height,
study area is  semi-arid  with relatively cool winters and and number of fertile tillers/plant. The following
hot summers, and average rains of 167mm falling during components of reproductive characters were also
June  to  September.  The  average temperature and measured:  number  of spikelet’s spikelets/spike, number
relative humidity during the growing season were shown of grains/plant, number of grains/spike, 1000 seed grain
in (Fig. 1). The dominant soil type of the experimental area weight (g), and grain yield (t/ha).
is clay with low percentage of organic matter.

Fig 1: Weather data during the wheat season 2010-2011.

2

th

th

growing season. Urea fertilizer (46 % N) was applied at a
1

was done every three weeks after crop emergence until

Statistical Analysis: Data were analyzed statistically
using analysis of variance  according to Gomez and
Gomez [5] procedure, using computer package (M-STAT).
Differences between means  were considered significant
at P  0.05, while the  treatments  means were compared
by Duncan’s Multiple Range Test (DMRT).

RESULTS

Effect of Sowing Dates on Agronomic Performance of
Wheat: Data  result  showed significant differences
among the different genotypes for effect of sowing date
on the studied traits, except for days to 50% flowering,
number of spikelets/spike, number of grains/plant and
number of grains/spike. The results of genotype × sowing
date interaction (G × S) revealed significant differences for
the  traits  of  days   to   50%  flowering, plant height  and



Am-Euras. J. Agric. & Environ. Sci., 14 (10): 978-984, 2014

980

Table 1: Analysis of variance mean square for twelve wheat genotypes evaluated under optimum and late sowing and their interaction in season 2010/2011.
Source of variation df DF PH (cm) F/P SL/S G/P G/S 1000 G (g) Y (t/ha)
Sowing date (s) 1 2.35 1102.15 3.04 22.78 95.91 70.80 2266.89 1.79Ns ** * Ns Ns Ns ** *

Replication 2 2.39 26.10 0.51 27.57 144.54 50.64 21.79 0.06
Error (a) 2 1.56 9.53 0.04 14.52 9.92 16.68 3.01 0.06
Genotype (g) 11 84.56 87.38 2.08 86.37 250.09 45.01 36.47 0.83** ** * * * * ** **

g s 11 3.38 19.74 0.04 1.87 8.74 6.20 43.16 0.09* ** Ns Ns Ns Ns ** Ns

Error (b) 44 1.67 7.11 0.15 37.23 97.78 19.09 9.02 0.12
*, **= significant at the 5 % and 1 % probability level, respectively; Ns = non-significant difference (at 5 % probability level).

Table 2: Average of twelve wheat (Triticum asetivum L.) genotype for eight traits evaluated in season 2010/2011.
DF PH (cm) F/P SL/S
------------------------------- ------------------------------ ---------------------------- ----------------------------------

Genotype 15 Nov. 15 Dec. 15 Nov. 15 Dec. 15Nov. 15 Dec. 15 Nov. 15 Dec.
Tevee-1/shuha-6 62.00 58.67 54.57 53.03 1.83 1.73 31.63 32.37cde gh fghi hijk defg efg k jk

Mazraa-2 (chil) 58.67 57.67 57.47 52.43 2.10 1.63 39.53 40.03gh hi de ijk defg fg defg cdef

Marsaa-2 (Kar) 57.67 58.67 57.03 50.87 2.03 1.47 39.93 40.23hi gh e kl defg g cdef cdef

Jawahir-1 (shuha) 55.33 55.67 59.40 55.67 2.13 1.77 42.37 42.60j j cd efg defg defg abcd abcd

Kauz/kapsw (kauz) 50.67 50.67 55.17 49.07 1.87 1.43 37.17 41.37k k efgh lm defg g fghi cde

Adel-3 (samr/pastor) 61.67 59.67 60.80 51.97 3.20 2.47 36.97 38.30de fg bc jk abc cdef fghi efgh

Zaiem-4 (henne) 56.33 55.33 56.47ef 47.03 1.93 1.60 45.13 45.43ij j m defg fg ab a

Cham-4/gru90-202579 57.67 59.67 65.50 51.87 2.23 1.83 42.00 43.57hi fg a jk defg defg abcd abc

Qimma-2 60.67 60.00 67.07 54.13 2.37 1.83 33.73 35.13ef fg a ghij cdefg defg ijk hij

Hudieba-1 64.00 63.33 66.53 60.07 3.83 3.50 36.27 36.67ab abc a c a ab ghi fghi

Hudieba-2 62.67 64.33 67.40 57.27 2.70 2.33 41.10 41.80bcd a a de bcd cdefg cde bcde

Imam (check cultivar) 63.00 62.33 62.67 52.77 2.63 2.33 41.10 42.93abcd cd b jk cde cdefg cde abcd

Range 50.67-64.00 50.67-64.33 54.57-67.40 47.03-60.07 1.83-3.83 1.43-3.50 31.63-45.13 32.37-45.43
Mean 59.19 58.83 60.84 53.01 2.41 1.99 38.91 40.04
C.V 2.19% 4.68% 17.64% 15.46%
SE ± Genotype 0.53 1.09 0.16 2.49
Sowing date 0.21 0.51 0.03 0.64
Interaction GxS 0.76 1.53 0.22 3.52

G/P G/S 1000G (g) Y t/ha
------------------------------- ----------------------------- ----------------------------- ------------------------------

Genotype 15 Nov. 15 Dec. 15 Nov. 15 Dec. 15Nov. 15 Dec. 15 Nov. 15 Dec.
Tevee-1/shuha-6 58.33 56.40 28.50 27.47 33.67 29.33 2.80 2.42d de cdef efgh c ef a ab

Mazraa-2 (chil) 59.07 57.97 28.90 29.50 29.33 27.67 1.68 1.74d d cdef cdef ef f bsde bcde

Marsaa-2 (Kar) 69.03 68.17 34.13 27.97 29.33 20.67 2.03 1.65a ab a efg ef hi abcde bcde

Jawahir-1 (shuha) 50.83 50.30 25.07 23.63  34.67 20.33 1.64 1.20fg fg hi ij bc hi bcde e

Kauz/kapsw (kauz) 49.70 48.80 25.07 25.03 32.67 20.33 2.06 1.86fg fg hi hi cd hi abcde bcde

Adel-3(samr/pastor) 60.97 59.67 31.43 28.77 30.33 19.67 2.00 1.86cd d abc cdef de i abcde bcde

Zaiem-4 (henne) 59.80 58.37 29.77 29.57 31.33 23.67g 2.37 2.27d d cde cdef de abc abcd

Cham-4/gru90-202579 52.73 46.80 25.37 21.30 31.33 20.33 1.57 1.21ef g ghi j de hi bcde e

Qimma-2 60.40 51.97 29.17 28.30 40.67 22.67 1.69 1.49cd f cdef def a gh bcde cde

Hudieba-1 67.13 42.27 32.80 31.40 41.33 21.33 1.55 1.24ab bc ab abcd a hi bcde e

Hudieba-2 58.97 57.53 31.07 29.10 36.67b 20.67 2.40 1.44d d bcd cdef hi ab de

Imam (check cultivar) 67.33 66.37 31.20 26.63 31.00 21.00 2.16 1.79ab ab bcd fgh de hi abcd bcde

Range 49.7-69.03 46.8-68.17 25.07-34.13 21.3-31.4 29.33-41.33 19.67-29.33 1.55-2.8 1.2-2.42
Mean 59.53 57.22 29.37 27.39 33.57 22.31 2 1.68
C.V 16.94% 15.39% 10.76% 18.74%
SE ± Genotype 4.04 1.78 1.23 0.14 4.04 1.78 1.23
Sowing date 0.52 0.68 0.29 0.04
Interaction GxS 5.71 2.52 1.73 0.20
DF: days to 50 % flowering; PH (cm): plant height; F/P: number of fertile tillers/plant; SL/S: number of spikelets/spike; G/P: number of grain/plant; G/S:
number of grain/ spike; 1000 G: 1000 grains weight (g); Y: yield (t/ha).
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1000-grain weight. For the other traits, the effect of (G × S) KAUZ/KAPSW and MARSAA-2 scored the lowest
showed no significant differences (Table 1). The average number  of  fertile  tillers/plant  (Table  2). The range  of
and range of the effect of optimum and late sowing on the the  number    of   tillers/plant   was  from  1.83  for
performance of different wheat genotypes for different (TEVEE-1/SHUHA-6) to 3.83 for (Hudeiba-1) under
traits are shown in (Table 2). Most of the traits showed optimum sowing; late sowing the range was from 1.43 for
great variability as indicated by the wide range. KAUZ/KAPSW to 3.5 for Hudeiba-1.

Days to 50% Flowering: On average, the twelve Number of Spikelets/spike: On average, the twelve
genotypes reached 50% flowering in the same period genotypes exhibited similar number of spikelets/spike
under both optimum and late sowing (terminal heat) under both sowing conditions. Highest number of
(Table 2). However, the genotypes KAUZ/KAPSW spikelets/spike was record by the genotype ZAIEM-4
exhibited the shortest period to flower under the optimum followed by the JAWAHIR-1 and CHAM-4/GRU90-
sowing condition followed by genotypes JAWAHIR-1, 202579, whereas genotype TEVEE-1/SHUHA-6 showed
ZAIEM-4, CHAM-4/GRU90-2025779 and MARSAA-2. the lowest number of spikelets/spike under optimum
Hudeiba1 was the latest genotype to flower (as the check sowing. Under late  sowing,  the  same genotypes,
cultivar Imam) under the optimum sowing followed by the ZAIEM-4 and TEVEE-1/SHUHA-6, gave the highest and
genotypes Hudeiba-2, TEVEE-1/SHUHA-6 and ADEL-3. the  lowest  number  of  spikelets/spike, respectively
As in the optimum sowing, the genotypes (Table 2).
KAUZ/KAPSW, JAWAHIR-1, ZAIEM-4, CHAM-
4/GRU90-2025779 and MARSAA-2 followed the same Number of Grains/plant: The genotype MARSAA-2 gave
trend  of   being  the  earliest  genotypes   late  sowing. the highest number of grains/plant on both sowing
The number of days to 50% flowering as an indicator for followed by the genotypes Imam and Hudieba1 (Table 2).
earliness was in the range from 50 days for genotype Number of grains/plant was in the range from 49.7 to 69.03
KAUZ/KAPSW to 64 days for Hudeiba-1 under the under the optimum sowing and from 46.8 to 68.17 under
optimum sowing  and   Hudeiba-2  under  the  late  sowing the late sowing date. Late sowing date reduced the
(Table 2). number of grains/plant by about 3.9 %. The genotype

Plant Height (cm): Under optimum sowing, the genotypes the CHAM-4/GRU90-202579 (11.2%), (Fig 2).
Hudeiba-2 and Qimma-2 gave the highest plant height
followed by genotype Hudeiba-1; the lowest plant height Number of Grains/spike: The genotype under optimum
was registered  for  genotypes  TEVEE-1/SHUHAA-6  and sowing, MARSAA-2 was produced the highest number
KAUZ/KAPSW followed by MARSAA-2 and ADEL-3 as of grains/spike followed by the Hudieba-1, ADEL-3 and
well as under terminal heat stress (late sowing) date, the the check cultivar Imam. Under late sowing date, the
genotypes Hudeiba-1 and Hudeiba-2 scored the highest genotype Hudieba1, showed the highest number of
plant  height   followed   by   genotypes  JAWAHIR-1 and grains/spike followed by the ZAIEM-4, MAZRAA-2 and
Qimma-2,     whereas        genotypes      ZAIM-4  and ADEL-3 (Table 2).The range of number of grains/spike
KAUZ/KAPSW  revealed  the  lowest  plant  height was from 25.07 to 34.13 under the optimum sowing and
(Table  2).  Under  the  optimum  sowing  the range of from 21.3 to 31.4 under the late sowing. The relative
plant height was from 54.57cm (for TEVEE-1/SHUHAA-6) reduction due to late sowing was 18.07 % in MARSAA-2,
to 67.4 cm for Hudeiba2. Under late sowing date, plant 16.03% in CHAM-4/GRU90-202579 and 14.64% in Imam
height values were from 47.03cm, 60.07cm for ZAIM-4, (check cultivar), (Fig 3).
Hudeiba-1, respectively.

Number  of  Fertile Tillers/plant: The genotypes the genotypes Hudieba-1 and Qimma-2 exhibited similar
Hudeiba-1 and ADEL-3 gave the higher number of fertile higher 1000-grain weight compared to the other
tillers/plant under optimum sowing and the genotypes genotypes. However, under late sowing date, the
TEVEE-1/SHUHA-6 and KAUZ/KAPSW gave the lowest genotype TEVEE-1/SHUHA-6 gave the higher 1000-grain
number  of  fertile  tillers/plant.  Under late sowing date, weight   (g)   than   the   other    genotypes   (Table   2).
the genotype Hudeiba-1 gave the highest number of The average of 1000-grain  (g)  was in the range of 29.33
fertile tillers/plant whereas  the genotypes to  41.33  under  optimum  sowing date, and from 19.67 and

Qimma-2 scored the highest reduction 13.9 % followed by

1000 Grains Weight  (G):  Under optimum sowing date
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Fig. 2: Reduction (%) of 12 genotypes of wheat for KAUZ/KAPSW and MAZRAA-2 as did the check
number of grains/plant under late sowing to that cultivar Imam. The difference in yield between these
under optimum sowing date. cultivars was not significant. Under late sowing date the

Fig. 3: Reduction (%) of 12 genotypes of wheat for yield
(t/ha) under late sowing to that under optimum DISCUSSION
sowing date.

Fig. 4: Reduction (%) of 12 genotypes of wheat for Wardlaw [6].
number of grains/spike under late sowing to that The significant differences among the genotypes for
under optimum sowing date. plant height may be attributed to that the genotypes react

Fig. 5: Reduction (%) of 12 genotypes of wheat for under optimum conditions the growers can select high
number of 1000 grains weight (g) under late yielding varieties with relatively short plant height to
sowing to that under optimum sowing date. minimize the effect of lodging.

29.33 (g) under late sowing date. Late sowing date
reduced 1000-grains weight (g) by 33.4%; the genotype
Hudieba-1 was the  high  sensitive  to late sowing
followed by Qimma-2, Hudieba-2 and JAWAHIR-1,which
reduced 1000-grain weight by 48.39%, 44.26%, 43.64% and
41.35% respectively, (Fig 4).

Yield (t/ha): The genotype TEVEE-1/SHUHA-6 gave the
highest yield/ha under the optimum sowing date followed
by genotypes Hudieba-2, ZAIEM-4 and ADEL-3

genotype TEVEE-1/SHUHA-6  also  gave the highest
yield followed by ZAIEM-4, ADEL-3 and KAUZ/KAPSW.
Under the optimum sowing, the yield was in the range of
1.55 to 2.8 t ha  and in the late sowing date the range was1

1.2 to 2.42 t ha . Late sowing date reduced yield/ha (ton)1

to up to 16% (Table 2). The highest reduction of about
40% was exhibited by the genotype Hudieba-2 and the
lowest reduction 4.22%was exhibited by the genotype
ZAEM-4 (Fig 5).

Effect  of  Late  Sowing  on  Growth Yield Parameters:
The non-significant differences between the optimum and
late sowing dates for days to 50% flowering may be due
to  that  heat  was  not  sever to induce early  flowering.
On the other hand, the significant differences among the
genotypes with respect to the number of days to 50%
flowering indicate that each of these genotypes has its
own genetic    characteristics    with   respect  to  this
trait. Similar results were reported by Tashiro and

differently with respect to the effect of sowing date during
the development stage from sowing to anthesis. As result
of late sowing the plant height decreased as they reached
flowering early [7]. In contrast, under optimum sowing
condition  cultivars  produced their maximum average
plant height depending on their genetic factors associated
with this characteristic. These results were agreed with
Ishag and Mohamedin [8], who reported that the
developmental stages of wheat are affected by genetic
and environmental factors. These results suggested that
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Number of   Fertile   Tillers/plant:  Tillering   starts   after agreed agreement  with  that those obtained by of
the completion of the germination and reaches to the Hussain et al. [16]; ] and Spink et al. [17], who observed
maximum  at  the  end  of  the vegetative growth stage. that delayed sowing shortens the duration of each
The Maximum maximum number of productive tillers development phase, which ultimately reduces grain-filling
contributes to the highest yield. The high number of tillers period and lowers the grain weight. However, the low
produced by the genotypes Hudieba-1 and ADEL-3 in reduction in 1000-seed for the genotype MAZRAA-2,
both optimum and late sowing date may be due to better indicating that this trait is genetically controlled, however,
germination performance and good stand establishment it is greatly influenced by the environment during the
observed during the early stage of the cropping cycle. grain-filling period as in the case of semi-arid areas, as in
Poor emergence, and stand establishment were reported Sudan. These results are in conformity with those of
to result in fewer number of fertile tillers/plant [9, 10]. STahir et al. [18]; ] and Guilioni et al. [19].
Moreover, the  higher  number  of tillers per plant Generally, the non-significant interaction between
produced in the optimum sowing 15 Nov compared to late both sowing dates and genotypes for grain yield (t/ha)
sowing indicated  that  optimum  temperature  prevailed may be due to differences in plant density after sowing
during the early stage of growth encouraged the despite  of  the  same  seed  rate  that  used for sowing.
production of maximum number of tillers/plant as reported The relatively better performance of the genotypes in the
by Noohi et al. [11]. optimum sowing than in late sowing may result from the

Effect of Sowing Date and Genotypes on Yield and Yield period as wheat had more time for the dry matter
Comments: The highest number of spiklets/spike showed accumulation to produce the higher grain yield [17, 15].
by ZAIEM-4 and TEVEE-1/SHUHA-6 in both sowing On the other hand, low performance in the late sowing
indicating wide  adaptation  to  heat  stress as confirmed could be resulted from the high temperature (=32°C),
by the non-significant differences  in  (G × S) interaction which prevailing during grain filling. High temperature
for this trait  as  reported  by  Ramazan  et al. [12]. The stretches the period of grain-filling resulting in reduced
non-significant differences of the effect of sowing date on development of grain ultimately decreasing the grain
the genotype MARSAA-2 under optimum and late number and 1000 grain weight. Ref. Guilioni et al. [19]; ]
sowing, indicating its wide adaptation to the extreme and Reynolds et al. [20] reported that moderately high
environments. temperatures (25C°-32C°) and short periods of very high

On the other hand, the reduction in number of temperatures (33C°-40C° and above) during grain-filling
grains/plant in the genotype Qimma-2 shows its severely affect yield, yield components and grain quality
sensitivity to late sowing by heat stress was more sever in wheat and barley. Moreover, Arain et al. [21] reported
compared  to  adaptability  to  optimum sowing [13]. severe reduction in yield when sowing is more delayed
Similar results were reported by Ishag and Mohamed [8], than the optimum one. The highest relative grain yield
who revealed that the effect of high temperature on performance of the genotypesTEVEE-1/SHUH A-6,
number of grains/plant. ZAIEM-4,  ADEL-3 KAUZ/KAPSW,  indicating  their

The higher and similar value in number of wide adaptation to extreme environments.
grains/spike for genotypes ZAIEM-4, MAZRAA-2 and
ADEL-3 in optimum and late sowing date compared to CONCLUSION
other genotypes, also indicate wide adaptation to the
extreme environments with respect to this trait. However, Based on the results obtained in this study, it could
the reduction  in  number  of grains/spike in MARSAA-2 be concluded that the genotypes under study exhibited
in late sowing indicate that this genotype is highly great variability to the late sowing date (terminal heat
sensitive to high temperature , which resulted in reducing stress) under Sudan conditions. Among the studied
number of grains per spike at maturity as reported by genotypes, the genotypes TEVEE-1/SHUHA-6, ZAIEM-4,
Ferris et al. [14]. Moreover, Shahzad et al. [15] reported MAZRAA-2, KAUZ/KAPSW and ADEL-3 could be
greater  number   of  grains/spike with the  early  sowing. selected as the most potential heat-tolerant, stable across
In our findings, the higher significant differences among contrasting environments (optimum and late sowing) and
the genotypes in the optimum and late sowing dates in with adequate yield potential under optimum sowing
1000 seed/grains weight (g) indicated that these conditions  compared  to  the Imam (check varieties).
genotypes have different seed size. These results are in These characteristics give them the advantage to be

better development of the grains due to longer growing
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useful in the breeding programs for development of 12. Ramzan, M., M.A. Chowdhry and I. Khaliq, 1994.
adapted heat tolerant cultivars suitable for expanding Correlation between wheat grain yield and its
wheat  into  the  central  warmer non-traditional wheat components. J. Agric. Res., 32(2): 223-226.
areas of Sudan. 13. Moaed, Almeselmani1 and P.S. Deshmukh, 2012.
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