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Abstract

A field experiment was conducted at the Agronomy field, Sher-e-Bangla Agricultural
University, Dhaka during November 2012 to April 2013 to evaluate the influence of
variety and sowing date on grain growth and yield of wheat. The experiment
consisted of four wheat variety viz., BARI Gom-21, BARI Gom-24, BARI Gom-25 and
BARI Gom-26 and three sowing date viz., 20 November, 01December and 12
December. Grain growth, yield contributing characters and yield of wheat were
significantly influenced by different variety and sowing date.  Among the variety,
BARI Gom-24 and BARI Gom-25 showed initial lower lag phase duration of 8 days
after anthesis (DAA) and 12 DAA, respectively than BARI Gom-21 (16 DAA) sown at
01 December. The maximum grain growth rate whole over the period was
maintained by BARI Gom-26 sown at 01 December. It reached peak at 20 DAA (1.17
mg /grain/day). The minimum growth rate was maintained by BARI Gom-21 and
BARI Gom-24 sown at 12 December (0.15 mg /grain/day). BARI Gom-25 sown at
01December gave the highest yield (4.6 t ha−1) whereas BARI Gom-21 sown at 20
November gave the lowest (2.67 t ha−1). All the wheat varieties sown at 01
December yielded better than 20 November and 12 December sowing.

Introduction

Wheat (Triticum aestivum L) is an important cereal grain crop in Bangladesh as well as in
the world. It ranks first globally and second most important cereal next to rice in Bangladesh
in terms of production and acreage (BBS, 2013; FAO, 2009). Estimated land, on which
wheat is cultivated in Bangladesh, is 358 thousand hectare and average yield is 2780 kg
ha−1 (AIS 2013).  Wheat is one of the winter season crops in Bangladesh. Winter is
becoming shorter due to climate change. Therefore, wheat production may be affected.
Wheat requires different temperatures at different stages of plant growth and development.
Temperature requirement may slightly differ from one variety to another. However, the
optimum temperature required for wheat is 20° to 25° C and the maximum temperature is
35° C. If temperature is more than 300C at the time of maturity, it leads to force maturity and
yield loss.

The optimum temperature for wheat anthesis and grain filling ranges from 12 to 22◦C.
Exposure to temperatures above this can significantly reduce grain yield (Tewolde et al.,
2006; Fisher, 2007). Post-anthesis heat stress in wheat induces several physiological effect
which eventually result in smaller grain weight due to reduced grain filling period and starch
synthesis duration or the combined effect of both (Hasan and Ahmed 2005). The annual
mean temperature of Bangladesh is 25.75°C, which is expected to rise about 0.21°C by
2050 (Karmakar and Shrestha, 2000). The Organization for Economic Co-operation and
Development (OECD) (2003) estimated arise in temperature of 1.4°C by 2050 and 2.4°C by
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2100 in Bangladesh. Islam (2009) estimated from 34 meteorological climate sites in
Bangladesh, that temperature increases over the past 100 years or all Bangladesh of 0.62°C
(maximum) and 1.54°C (minimum) occurred in February. Poulton and Rawson (2011)
reported that temperature in Bangladesh increased over the past two decades by 0.035°C/
year. If this trend continues, temperatures will have increased 2.13°C more than 1990 levels
by 2050. The rising temperature effect of global warming by crop modeling and simulation
technique revealed that the warming is already slowing yield gains as a majority of wheat
growing locations. Global wheat production is estimated to fall by 6% for each 0C for further
temperature increase and become more variable over space and time (Assenge et al. 2015).

Identification of wheat genotypes suitable for heat stress condition would be an important
step for achieving high yield potential of wheat. The information is very limited regarding
grain growth of wheat under different temperature. Therefore, the investigation was done to
observe the grain growth rate and yield of wheat varieties sowing at different dates.

Materials and Methods

The experiment was conducted at the Agronomy farm, Sher-e-Bangla Agricultural University,
Dhaka-1207 during November 2012 to April 2013. The soil was silty clay loam having low
organic matter (0.78%) and slightly acidic soil (pH 5.6). The location of the site was 23°74' N
latitude and 90°35' E longitude with an elevation of 8.2 meter from sea level. The experiment
consisted of two factors of variety and sowing date. The wheat variety viz., BARI Gom-21
(V1), BARI Gom-24 (V2), BARI Gom-25 (V3) and BARI Gom-26 (V4) and sowing date viz., 20
November (S1), 01 December (S2) and 12 December (S3) were arranged in RCB design with
three replications. The unit plot size was 3m × 2m. The land was prepared by ploughing and
cross-ploughing with the power tiller followed by laddering uniformly. Seed was treated with
vitavex@3g/kg seed. The crop was fertilized with 120-30-90-15-3-1 kg NPKSZnB ha-1 (FRG,
2012). Data on grain growth, yield contributing characters and yield were recorded. For grain
growth study, three ears were harvested from each plot after anthesis at four days interval. It
was continued up to 24 days after anthesis (DAA). The harvested ears were oven dried at 70
°C for 72 hours. Twenty grains of each genotype were separated from the middle of each
spike and then weight was taken. Collected data were statistically analyzed by MSTAT-C.
The treatment means were compared by the Least Significant Difference (LSD) test at 5%
level (Gomez and Gomez, 1984).

Results and Discussion

Grain growth as influenced by variety and sowing date
Grain growth rate of four wheat variety grown under different sowing dates were varied
remarkably (Fig. 2). Initially the grain growth of wheat had a lag phase due to low dry matter
accumulation. Among the variety, BARI Gom-21 maintained maximum duration in lag phase
(16 DAA) for three sowing date. Initial lag phase duration mean temperature was ranged
from 12.7-24.5°C whereas the rapid linear phase mean temperature was ranged from 16.7-
27.5°C and for terminal lag phase the mean temperature was ranged from 19.9-31.60C.
BARI Gom-24 and BARI Gom-25 sowing at different dates maintained minimum duration in
lag phase (8 DAA). In BARI Gom-26, lag phase for 20 November and 12 December sowing
was up to 8 DAA, but 01 December sowing maintained higher grain growth rate than others.
After the completion of lag phase grain growth of four wheat variety increased rapidly.
Among the different sowing dates, 01 December sowing maintained higher grain growth rate
in all over the grain filling period. It might be due to prevailing optimum temperature (Fig. 2).
Grain growth rate reached peak at 20 DAA. The maximum growth rate was observed in
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BARI Gom-26 sown at 01 December (1.17mg/grain/day) and the minimum was observed in
BARI Gom-21 (0.15 mg/grain/day). The maximum grain growth of BARI Gom-26 sown at 01
December indicated that the variety was more capable to accumulate dry matter in grain
than others. Karim et al. (2000) supported that grain growth pattern indicates that both
higher growth rate and longer growth duration in heat tolerant wheat are responsible for its
higher grain yield under late sowing conditions.

Fig 1. Monthly mean temperature (max. and min.) 0C, relative
humidity (%) and rainfall (cm) during the cropping season
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Fig 2. Grain growth rate of wheat varieties at different DAA as
influenced by sowing dates

The grain growth results of this study was also supported by Karim et al. (2000) regarding
wheat grain growth.

Effect of variety
Plant characters of wheat varieties were significantly differed (Table 1). The maximum
number of days to reached anthesis was recorded in BARI Gom-21 (74 days) and the
minimum was in BARI Gom-25 (71 days). BARI Gom-21 required maximum days to reach
anthesis because its crop duration is about 120-125 days.  BARI Gom-21 significantly
produced the tallest plant (89.74 cm) while the shortest was BARI Gom-26 (85.49 cm). Table
1. shows that wheat variety exhibited significant variations in number of total spike m-2

(215.6 to 243.1), grain number spike-1 (37.56 to 40.37), and 1000- grain weight ( 36.67 to
40.91g). Number of total spike m-2 exhibited narrow differences among the varieties. BARI
Gom- 21 produced the lighter grain and BARI Gom-24 and BARI Gom-25 produced the
heavier grain. But the grain yield of wheat was not significantly differed by variety. It might be
due to narrow differences in yield contributing characters. The variations in yield contributing
characters of wheat due to variety were also observed by Tahir et al. (2009) and Stone et al.
(1995).

Effect of sowing date
Plant characters and yield were significantly differed by sowing dates (Table 2). The crop
sown at 12 December had longer vegetative phase (77 days) and shorter reproductive
phase. The plant sown at 20 November showed the tallest height (90.23 cm) with minimum
number of spike per unit area (210 m-2). The heavier grain weight (42.58 g) and number of
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grain per spike (42) were produced by 01 December sowing. Grain yield had significantly
differed by sowing date. The highest grain yield was obtained from 01 December sowing
(4.36 t ha-1) and the lowest from 20 November sowing (3.00 t ha-1). The variations in yield
and yield contributing characters of wheat due to sowing date were also observed by Gul et
al. (2012) and Fisher (2007).

Table 1. Effect of variety on plant characters, yield contributing characters and grain yield of
wheat

Variety Days to
anthesis

Plant
height (cm)

Grain spike-1

(no.)
Spike m-²

(no.)
1000 grain

wt. (g)
Grain yield

(t ha-1)
BARI Gom-21 74.33 89.74 40.11 226.4 36.67 3.35
BARI Gom-24 73.00 85.91 40.37 216.4 40.91 3.58
BARI Gom-25 71.33 87.03 37.56 234.6 40.34 3.57
BARI Gom-26 72.22 85.49 39.81 213.0 39.69 3.41
LSD(0.05) 1.02 0.99 2.01 12.36 2.79 NS
CV (%) 1.44 1.17 5.20 5.68 7.24 7.94

Table 2. Effect of sowing date on plant characters, yield contributing characters and grain
yield of wheat

Sowing
date

Days to
anthesis

Plant
height (cm)

Grain spike-1

(no.)
Spike m-2

(no.)
1000

grain wt.
(g)

Grain yield
(t ha-1)

20 Nov 69.33 90.23 38.19 209.6 37.58 3.00
01 Dec 71.67 86.52 42.36 242.7 42.58 4.36
12 Dec 77.17 84.38 37.83 215.6 38.04 3.08
LSD(0.05) 0.89 0.86 1.74 10.70 2.41 0.23
CV (%) 1.44 1.17 5.20 5.68 7.24 7.94

Interaction effects of variety and sowing date
Plant characters, yield contributing characters and grain yield were significantly differed by
the interaction effects of variety and sowing date (Table 3). The maximum number of days to
anthesis (79 days) was recorded in BARI Gom-24 sown at 12 December and the minimum
from BARI Gom-25 sown at 20 November (67 days). BARI Gom-21 sown at 20 November
showed the tallest plant (92.27 cm) while BARI Gom-24 sown at 01 December showed the
shortest (82.40 cm). The highest number of spike was obtained from BARI Gom-21 sown at
20 November (263 m-2) and the lowest obtained from the same variety sown at 20
November (190 m-2). BARI Gom-26 sown at 01 December produced the highest 1000- grain
weight (43.83 g) while BARI Gom-25 sown at 12 December produced the lowest (34.87 g).
The maximum number of grain per spike (45) was recorded in BARI Gom-26 sown at 01
December and the minimum from BARI Gom-25 sown at 20 November (34 spike-1). The
highest grain yield (4.61 t ha-1) was obtained from BARI Gom-25 sown at 01 December
which was identical with the grain yield obtained from BARI Gom-26 (4.53 t ha-1) and BARI
Gom-21 (4.16 t ha-1) sown at the same date. The grain growth rate of BARI Gom-25 and
BARI Gom-26 showed the shorter initial lag phase duration sown on 01 December than the
other sowing dates and the grain filling duration continued after 24 DAA where it faced
terminal heat stress and switched to terminal lag phase (Fig. 2). The maximum grain filling
occurred at the optimum temperature (16.6-27.5°C) and maximum kernel mass was gained
(Fig. 1). Hossain et al. (2012) supported the result that all wheat varieties, when sown late,
faced severe temperature stress that significantly affected phenology, growth and finally
yield. Taking into consideration phenological variation, dry matter (fresh and dry weight)
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partitioning and grain yield, variety ‘BARI Gom-26’ performed better both in optimum and late
heat stress, followed by ‘BARI Gom-25’; ‘Gourab’ performed the least. The lowest yield was
recorded from BARI Gom-26 sown at 20 November (2.60 t ha-1). From the fig. 2 this is
apparent that the longer initial lag phase duration of BARI Gom-26 sown at 20 November
had lower grain growth rate. Moreover, the rapid linear phase did not exhibit the sigmoid
pattern and showed decreased kernel mass production than the other sowing dates. From
the 20 DAA, it started to enhance the grain growth rate where it faced the terminal heat
stress (19.9-31.6°C) (Fig. 1) mostly and this may be resulted in shorter grain filling period.
Stone et al. (1995) supported the result that reductions in mature kernel mass resulted
primarily from reductions in duration rather than rate of grain filling. The previous findings of
Gupta et al. (2010), Qasim et al. (2008), Gul et al. (2012) and Shirpurkar et al. (2007) in
various wheat were also supported these results.

Table 3. Interaction effects of variety and sowing date on plant characters, yield contributing
characters and grain yield of wheat

Treatments Days to
anthesis

Plant height
(cm)

Grain spike-

1 (no.)
Spike m-2

(no.)
1000-grain wt.

(g)
Grain

yield (t ha-

1)
V1S1 71.00 92.27 38.78 190.3 36.13 2.671
V1S2 74.00 92.20 40.89 262.7 38.77 4.162
V1S3 78.00 84.77 40.67 226.3 35.10 3.226
V2S1 70.33 89.33 40.33 228.0 38.80 3.556
V2S2 70.00 82.40 42.78 221.0 43.67 4.128
V2S3 78.67 86.00 38.00 200.3 40.27 3.066
V3S1 67.00 91.00 33.78 224.0 42.10 3.173
V3S2 70.33 86.53 41.00 255.7 44.07 4.605
V3S3 76.67 83.57 37.89 224.0 34.87 2.944
V4S1 69.00 88.33 39.89 196.0 33.30 2.601
V4S2 72.33 84.93 44.78 231.3 43.83 4.531
V4S3 75.33 83.20 34.78 211.7 41.93 3.085
LSD(0.05) 1.78 1.73 3.47 21.4 4.83 0.46
CV (%) 1.44 1.17 5.20 5.68 7.24 7.94

V1: BARI Gom-21, V2: BARI Gom-24, V3: BARI Gom-25   and      V4: BARI Gom-26
S1: Sowing at 20 November S2: Sowing at 1 December, S3: Sowing at 12 December

Yield and yield components of wheat, significantly reduced under late seeding conditions,
were also observed by Tyagi et al. (2003), Munjal et al. (2004). It might be due to lower dry
matter accumulations in grain due to prevailing high temperature at grain filling period. The
lower grain yield due to late sowing of wheat compared to optimum sowing also observed by
Islam et al. (1993), Bhatta et al. (1994) and Gul et al. (2012).

Conclusion

BARI Gom-26 sown at 01 December performed better in relation to grain growth to produce
heavier grain. At 01 December sowing, all the four wheat variety produced maximum grain
yield. Among the varieties, BARI Gom-25 yielded better than others.
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