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Abstract:
High temperature during grain filling stage is one of the main yield limiting factors of
wheat in Bangladesh. Certain management practices may help to mitigate this
problem. Hence, a field experiment was conducted at the Agronomy Field Laboratory,
Bangladesh Agricultural University to find out the growth and yield performance of
wheat as influenced by management practices under terminal heat stress. The
experiment comprised three factors viz. variety, date of sowing and management
practices. The variety comprised BARI Gom-21 (Shotabdi), BARI Gom-23 (Bijoy)
and BARI Gom-26 (Hashi). Date of sowing comprised 19 November and 19
December sowing and management practices comprised four different levels of
treatments viz. control, water hyacinth mulch, foliar spray of potassium
orthophosphate and foliar spray of salicylic acid. The experiment was arranged in a
split plot design with three replications. All the yield components were influenced by
varieties date of sowing, management practices and their interactions. Results
revealed that yield and yield components of wheat varieties were increased with
optimum sowing and water hyacinth mulch, and decreased with late sowing and
control (no management). The highest number of total tillers hill-1 (7.20), number of
effective tillers hill-1 (5.67), number of spikelets spike-1 (19.53), number of fertile
spikelets spike-1 (35.27), 1000-grain weight (39.46 g) and grain yield (4.04 t ha-1)
were obtained from BARI Gom-26, sown in 19 November with the application of
water hyacinth mulch than any other treatments. The lowest grain yields were
obtained from BARI Gom-21 with 19 December sowing and control (no
management). In both optimum and late sown condition, BARI Gom-26 gave the
highest yield than the other two varieties. Therefore, it may be conclude from the
results of the study that in late sown condition, BARI Gom-26 and water hyacinth
mulch may mitigate the yield reduction due to the adverse effect of the terminal heat
stress.
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1. Introduction
Wheat (Triticum aestivum L.), “King of the cereals” is the second most important

staple food crops grown over 200 m ha in varied range of environments throughout
the world. About 35% of the world population used it as staple food so that its
demand is growing faster than other major food crops. For Bangladesh, where
agriculture is one of the important sectors of the national economy, wheat is
particularly very important. It accounts for about 19.29% of the gross domestic
product (GDP) and contribution of the crop sector to GDP is 13.44% [1]. However,
the wheat yield in Bangladesh is still quite low when compared with the world
average. Short winter environments and late planting [2] would be the major reasons
for low yield of wheat in Bangladesh. Over 60% of the total wheat crop is late
cultivated in Bangladesh due to delayed harvest of previous transplanted aman rice
[3].
The growth and yield of wheat crop is adversely affected by environmental stresses

such as high temperature, soil moisture deficit, low light intensity etc and among these
stresses high temperature is the crucial one [4,5]. Globally, about seven million
hectares of wheat is affected by heat stress throughout the life cycle and 40% crop
faces terminal heat stress [6]. In a study, Karim et al., [7] observed that a rise in
temperature of 4°C would decrease wheat production at about 68% in Bangladesh.
Heat stress is defined as the rise in temperature beyond a threshold level for a long
period of time sufficient to cause irreversible damage to plant growth and
development. Wheat is a temperate cereal with an optimum temperature regime of 15-
18 °C during the grain filling stage [8,9] but daily high temperature of 25-35 °C or
greater is common across many regions of the world including Bangladesh where
wheat is grown [9,10]. Generally, wheat encounters two types of heat stress viz.,
continual and terminal heat stress. When heat stress continues during the whole
growing period of wheat (i.e sowing to maturity stages) is known as ‘continual heat
stress’, however, heat stress starts from reproductive growth stages particularly from
heading to maturity stages, which is termed as ‘terminal heat stress’ [11]. The high
temperature during vegetative stage reduces the number of effective tillers per unit
area and during reproductive stages leads to reduced grain number as well as grain
weight. The impact of high temperature on wheat productivity can be minimized by
adoption of various agronomic management practices.
Adjustment in sowing time is one of the most important agronomic strategies to

counteract the adverse effect of temperature stress. Besides, tillage crop establishment
methods, residue retention, selection of heat tolerant varieties, water management, and
foliar spray of osmoprotectants can also help mitigating the temperature stress effects.
Identification of wheat genotypes or crop characters of wheat suitable for heat stress
condition would be another important step for achieving high yield potential of wheat.
In Bangladesh, although some varieties were identified for late sowing time [2], their
heat tolerance is still obscured under short winter. However, the heat tolerance of
wheat genotypes can be determined through empirical (yield performance) and/or
analytical (physiological trait) methods. Loss of leaf viability reduces the grain yield
and shrinks the response of wheat plant to production inputs. In this regard, foliar
application of osmotic solute (like potassium orthophosphate and Salicylic acid) could
be an option to increase the thermal tolerance of wheat leaf. Potassium
orthophosphate (KH2PO4) may delay the high temperature induced leaf senescence
thus improve the grain yield of wheat. Application of KH2PO4 results higher K+
content, increases soluble sugar and proline content in leaf and thereby might
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contribute to heat tolerance. Salicylic acid (SA) is a phenolic compound naturally
produced by the plants and function as growth regulator. Salicylic acid (SA) plays an
important role as a signal molecule in abiotic stress tolerance, and considerable
interest has been focused on SA due to its ability to induce a protective effect on a
plant under stress [12]. Furthermore, a current study in wheat showed that, exogenous
SA treatment could retard the degradation of D1 protein and PSII functional injury
during heat and high light stress [13].
Therefore, wheat genotypes, responsive to foliar application of osmotic solute in

keeping longer period of green duration with wider grain growth duration, might be
preferable under the terminal heat stress condition in Bangladesh [14]. They further
stated that wheat variety Prodip and Shatabdi were responsive to foliar application of
KH2PO4. Mulch is a protective covering of material maintained or placed on the soil
surface. Mulches provide many benefits to crops, including erosion control, water
conservation, reduce temperature fluctuations, increased soil organic matter levels,
improved soil structure and suppression of weed [15].
Since the national demand for wheat is growing day by day with the rapid increase

of population in Bangladesh. Therefore, future research programs should be given
more emphasis to increase the productivity of wheat under terminal heat stress
condition by developing heat tolerant cultivars as well as efficient management
practices. In these circumstances, this research work was designed to find out the heat
tolerant wheat variety by evaluating the field performance and to determine the
appropriate management practices for increasing the yield performance of wheat
grown under terminal heat stress condition.

2. Materials and Methods
Studies pertaining to investigate the influence of management practices on growth

and yield performance of wheat under terminal heat stress was carried out at the
Agronomy Field Laboratory, Bangladesh Agricultural University during the period
from November 2015 to March 2016. Geographically, the experimental field was
located at 24°75′ N latitude and 90°50′ E longitude at an elevation of 18m above the
sea level belonging to non-calcareous dark grey floodplain soil under Old
Brahmaputra Floodplain Agro-ecological zone-“AEZ 9”. The land was medium high
with sandy loam texture. The experimental site belongs to the subtropical area
characterized by heavy rainfall during kharif season (April to September) and scanty
in the rabi season (October to March) associated with moderately low temperature
and plenty of sunshine. The experiment was laid out in a split plot design with three
replications. The treatments were comprised of three varieties (BARI Gom-21, BARI
Gom-23 and BARI Gom-26), two sowing dates (19 November and 19 December) and
four management practices viz. control, water hyacinth mulch, foliar spray of
potassium orthophosphate and foliar spray of salicylic acid. Terminal heat stress was
imposed by manipulating date of sowing as the plants get higher temperature in late
sown condition than optimum sowing date. Potassium orthophosphate (KH2PO4) was
mixed with distilled water and foliar spray was done in the morning at 5 and 15 days
after anthesis. Salicylic acid was initially dissolved in a few drops of
Dimethylsulfoxide and the final volume was reached by adding distilled water, then
the pH was adjusted at 6-7 with NaOH (1.0N). A constant volume of solutions were
sprayed twice early in the morning on the crop field at 5 and 15 days after anthesis.
Date of sowing was assigned in the main plots, management practices were assigned
in the sub plots and variety was assigned in the sub-sub plots. The total number of
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plots was 72. The unit plot size was 2m×2.5 m i.e. 5 m2. Block to block and plot to
plot distance were 1.5 m and 0.5 m, respectively.
The field was first opened with a power tiller on 15 November and then ploughed

and cross ploughed four times with country plough followed by laddering to obtain
the desirable tilth. The unit plot was spaded one day before planting for loosening the
soils and incorporating the basal dose of fertilizers. All the weeds and stubbles were
removed to make the plots ready for sowing. The bunds around individual plots were
made firm enough to control water movement between plots. The field was uniformly
fertilized with 200 kg urea, 160 kg triple super phosphate (TSP), 45 kg muriate of
potash (MoP) and 115 kg gypsum ha-1. Total amount of TSP, MoP and gypsum was
applied in each plot at the time of final land preparation and the fertilizers were mixed
thoroughly with soil by spading. Urea were top dressed in three equal splits, one at
early tillering stage (28 days after sowing) and the other at booting stage, (46 day after
sowing) and reproductive stage (64 day after sowing). Wheat seeds were collected
from Bangladesh Agricultural Research Institute (BARI). Seeds were sown on 19
November 2015 for first sown date, then second on 19 December 2016. Sowing was
done at the rate of 120 kg ha-1. Seeds were sown on 25 cm line spacing in single line
pattern. Care was taken to protect the seedlings from birds up to 12 days after sowing.
Two weeding, one at 20 and the other at 45 days after sowing were done by the help
of a niri. Irrigation was given to the plots as per the treatment of the experiment. The
experimental plots were infested with wire worm (Olenicera pruinina) so Dimecron
100 EC @ 0.84 litre/ha were sprayed on 15 days after sowing to control them. At full
maturity, the varieties were harvested separately and plot wise first time on 18 March
2015 and then second time on 28 March 2016, respectively. The harvested crop of
each plot was bundled and separately tagged and brought to the clean threshing floor.
The bundles were sun dried, threshed and then the grains were cleaned. The grain and
straw yields were taken plot wise and converted into ton per hectare. Data were
recorded on number of total tillers hill-1, , number of effective tillers hill-1, number of
spikelets spike-1, number of fertile spikelets spike-1, 1000-grain weight (g) and grain
yield (t ha-1).

3. Results and Discussion

3.1. Number of Total Tillers hill-1

The effect of variety, date of sowing and management practices on number of total
tillers hill-1 was significant (Table 1). The highest number of total tillers hill-1 (4.758)
was observed in BARI Gom-26 and the lowest number of total tillers hill-1 (4.283)
was observed in Shotabdi (Table 1). Higher number of total tillers hill-1 (5.897) was
observed in 19 November sowing on the other hand lower total tillers hill-1 (3.147)
was observed in 19 December sowing which might be for the effect of terminal heat
stress by late sowing (Table 1). It was also observed in case of management practices
that the highest number of total tillers hill-1 (5.09) was found in water hyacinth mulch
and the lowest number of total tillers hill-1 (4.13) was found in control (Table 1). The
number of total tillers hill-1 increased for water hyacinth mulch. In interaction, number
of total tillers hill-1 was significant by the effect of variety and date of sowing. The
highest number of total tillers hill-1 (6.20) was observed in BARI Gom-26 with 19
November sowing (Table 2). The lowest number of total tillers hill-1 (3.017) was
observed in Shotabdi with 19 December sowing that was statistically similar with
BARI Gom-23 sown in 19 December (Table 2). There was no significant difference in
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the number of total tillers hill-1 due to interaction of variety and management practices
(Table 3). On the other hand, interaction of date of sowing with management practices
showed significant difference (Table 4). The highest number of total tillers hill-1 (6.84)
was obtained in 19 November sowing with water hyacinth mulch and the lowest (2.93)
was obtained in 19 December sowing with control which was statistically similar with
19 December sowing under Salicylic acid (SA) treatment (Table 4). Number of total
tillers hill-1 was not significantly affected by the interaction of variety, date of sowing
and management practices (Table 5).

Table 1. Effect of variety, date of sowing and management practices on yield and yield
contributing characters of wheat.

Treatments

No. of
total
tillers
hill-1

No. of
effective
tillers hill-1

No. of
spikelets
spike-1

No. of
fertile
spikelets
spike-1

1000
grain
wt. (g)

Grain
yield
(t ha-1)

Straw
yield
(t ha-1)

Harvest
index
(%)

Variety
BARI Gom-21 4.283c 3.375c 15.27b 21.49c 29.66b 2.209c 4.634c 30.56
BARI Gom-23 4.524b 3.641b 15.96ab 24.31b 31.63a 2.436b 5.121b 31.14
BARI Gom-26 4.758a 3.825a 16.69a 26.91a 32.54a 2.643a 5.595a 31.25

Level of
significance ** ** ** ** ** ** ** NS

CV (%) 5.00 5.96 5.33 3.87 5.01 3.21 2.87 3.18

Date of sowing

19 November 5.897a 4.633a 18.05a 31.50a 34.82a 3.354a 5.824a 36.64a

19 December 3.146b 2.594b 13.89b 16.97b 27.73b 1.505b 4.410b 25.32b
Level of

significance ** ** ** ** ** ** ** **

CV (%) 5.00 5.96 5.33 3.87 5.01 3.21 2.87 3.18

Management practices

Control 4.139c 3.24d 14.91c 21.28d 28.42c 2.08d 4.25d 31.56a
Water hyacinth

mulch 5.092a 4.000a 16.87a 26.20a 34.44a 2.813a 5.873a 31.16a

Potassium
orthophosphate 4.489b 3.721b 16.29b 25.50b 31.63b 2.502b 5.550b 29.93b

Salicylic acid
(SA) 4.367b 3.489c 15.83b 23.96c 30.61b 2.321c 4.788c 31.28a

Level of
significance ** ** ** ** ** ** ** **

CV (%) 5.00 5.96 5.33 3.87 5.01 3.21 2.87 3.18

In a column figures with similar letter(s) or without letters do not differ significantly whereas figures
with dissimilar letters differ significantly as per DMRT. NS and ** indicate not significant and at 1%
level of probability, respectively.

Table 2. Interaction effects of variety and date of sowing on yield and yield contributing
characters of wheat.

Variety Date of
sowing

No. of
total
tillers
hill-1

No. of
effective
tillers
hill-1

No. of
spikelets
spike-1

No. of
fertile

spikelets
spike-1

1000
grain
wt.
(g)

Grain
yield
(t ha-
1)

Straw
yield
(t ha-
1)

Harvest
index
(%)
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BARI
Gom-
21

19
November 5.549c 4.40 17.50 29.60c 33.31 3.22c 5.40c 37.43a

19
December 3.017e 2.35 13.03 13.37f 26.02 1.19f 3.86 f 23.69 d

BARI
Gom-
23

19
November

5.943
b 4.63 18.17 31.57b 35.17 3.31b 5.83 b 36.32 b

19
December 3.105e 2.65 13.75 17.05e 28.09 1.55e 4.40 e 25.95 c

BARI
Gom-
26

19
November 6.200a 4.86 18.48 33.33a 35.99 3.52a 6.23a 36.19 b

19
December 3.317d 2.78 14.90 20.49d 29.08 1.76d 4.95d 26.31 c

Level of significance * NS NS ** NS ** ** **
CV (%) 5.00 5.96 5.33 3.87 5.01 3.21 2.87 3.18

In a column figures with similar letter(s) or without letters do not differ significantly whereas figures
with dissimilar letters differ significantly as per DMRT. NS, *and ** indicate not significant, at 5%
and 1% level of probability, respectively.

3.2. Number of Effective Tillers hill-1

Number of effective tillers hill-1 was significantly influenced by variety, date of
sowing and management practices. BARI Gom-26 gave the highest no of effective
tillers hill-1 (3.825) whereas Shotabdi gave the lowest (3.375) (Table. 1). In case of
date of sowing, highest number of effective tillers hill-1 (4.63) was observed in 19
November sowing and lowest number of total tillers hill-1 (2.59) was observed in 19
December sowing (Table 1). It was observed that the highest number of effective
tillers hill-1 (4.00) was obtained in water hyacinth mulch and the lowest number of
effective tillers hill-1 (3.24) observed in control (Table 1). In case of interaction
among variety, date of sowing and management practices, only interaction of date of
sowing with management practices and interaction among variety, date of sowing and
management practices showed significant effect. The highest number of effective
tillers hill-1 (5.15) was obtained in the interaction of 19 November sowing with water
hyacinth mulch and the lowest (2.26) was obtained in the interaction of 19 December
sowing and control (Table 4). In interaction among the three factors, the highest
effective tillers hill-1 (5.67) was obtained due to the interaction of BARI Gom-26 with
19 December sowing and water hyacinth mulch and the lowest effective tillers hill-1
(1.80) was obtained due to the interaction of Shotabdi with 19 December sowing and
control (Table 5).

3.3. Number of total spikelets spike-1

The effect of variety, date of sowing and management practices on number of total
spikelets spike-1 was significant. Higher number of total spikelets spike-1 (16.69) was
observed in BARI Gom-26 and lower number of total spikelets spike-1 (15.27) was
observed in Shotabdi (Table 1). The highest number of total spikelets spike-1 (18.05)
was observed when sown in 19 November whereas the lowest number of total
spikelets spike-1 (13.89) was observed when sown in 19 December (Table 1). It was
also observed that water hyacinth mulch gave the highest number of total spikelets
spike-1 (16.87) and control gave the lowest (14.91) (Table 1). There were no
significant effect on total spikelets spike-1 due to the different interaction among
variety, date of sowing and management practices (Table 2, Table 3, Table 4 and
Table 5).
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Table 3. Interaction effects of variety and management practices on yield and yield contributing
characters of wheat.

Variety Management
practices

No.
of
total
tillers
hill-1

No. of
effective
tillers
hill-1

No. of
spikelets
spike-1

No. of
fertile
spikelets
spike-1

1000
grain
wt.
(g)

Grain
yield
(t ha-1)

Straw
yield
(t ha-1)

Harvest
index
(%)

B
A
R
IG

om
-2
1

Control 3.90 2.93 14.33 17.37h 26.85 1.89h 3.79 h 31.79ab
Water hyacinth

mulch 4.83 3.67 16.33 23.60e 33.71 2.54d 5.25 d 30.63 bc

Potassium
orthophosphate 4.23 3.60 15.57 22.90ef 29.87 2.27e 5.10 d 29.09 d

Salicylic acid
(SA) 4.17 3.30 14.83 22.07fg 28.23 2.12f 4.39 g 30.73 bc

B
A
R
IG

om
-2
3

Control 4.18 3.33 14.75 21.70g 28.86 2.01g 4.26g 30.78 bc
Water hyacinth

mulch 5.11 4.00 16.67 26.63bc 34.38 2.82b 5.72c 32.07a

Potassium
orthophosphate 4.47 3.70 16.40 25.90c 32.15 2.58cd 5.59c 30.76 bc

Salicylic acid
(SA) 4.33 3.53 16.03 23.00ef 31.14 2.32e 4.90e 30.92abc

B
A
R
IG

om
-2
6

Control 4.33 3.47 15.63 24.76d 29.56 2.33e 4.70 f 32.11a
Water hyacinth

mulch 5.33 4.33 17.60 28.37a 35.23 3.07a 6.64a 30.78 bc

Potassium
orthophosphate 4.77 3.87 16.90 27.70ab 32.88 2.64c 5.96b 29.92

cd
Salicylic acid

(SA) 4.60 3.63 16.63 26.80bc 32.47 2.52d 5.07de 32.18a

Level of significance NS NS NS ** NS ** ** **
CV (%) 5.00 5.96 5.33 3.87 5.01 3.21 2.87 3.18

In a column figures with similar letter(s) or without letters do not differ significantly whereas figures
with dissimilar letters differ significantly as per DMRT. NS and ** indicate not significant and at 1%
level of probability, respectively.

3.4. Number of Fertile Spikelets spike-1

The effect of variety, date of sowing and management practices and their interaction
on number of fertile spikelets spike-1 was significant. BARI Gom-26 produced the
highest number of fertile spikelets spike-1 (26.91) and Shotabdi produced the lowest
(21.49) (Table 1). This may be due to the ability of variety. Higher number of fertile
spikelets spike-1 (31.50) was observed in 19 November sowing whereas lower number
of fertile spikelets spike-1 (16.97) was observed in 19 December sowing (Table 1). It
was also observed in case of management practices that the highest number of fertile
spikelets spike-1 (26.20) was observed in water hyacinth mulch and the lowest number
of fertile spikelets spike-1 (21.28) was observed in control (Table 1). Significant
difference was observed on number of fertile spikelets spike-1 among the different
interaction effects of variety, date of sowing and management practices. The highest
number of fertile spikelets spike-1 (33.33) was observed in the interaction of BARI
Gom-26 with 19 November sowing and the lowest number of fertile spikelets spike-1
(13.37) was observed in the interaction of Shotabdi with 19 December sowing (Table
2). The highest number of fertile spikelets spike-1 (28.37) was obtained due to the
interaction of BARI Gom-26 and water hyacinth mulch. The lowest number of fertile
spikelets spike-1 (17.37) was obtained due to the interaction of Shotabdi with control
and that was statistically similar with BARI Gom-26 when treated with Potassium
orthophosphate (Table 3). The highest number of fertile spikelets spike-1 (33.89) was
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obtained due to the interaction of 19 November sowing with water hyacinth mulch
which was statistically similar with 19 November sowing treated with Potassium
orthophosphate and the lowest number of fertile spikelets spike-1 (14.47) obtained due
to the interaction of 19 December sowing and control (Table 4). The highest number
of fertile spikelets spike-1 (35.27) was obtained due to the interaction of BARI Gom-
26 with 19 December sowing and water hyacinth mulch which was statistically
similar with BARI Gom-26 with 19 December sowing and application of Potassium
orthophosphate, BARI Gom-23 with 19 November sowing and application of water
hyacinth and BARI Gom-23 with 19 November sowing and application of Potassium
orthophosphate (Table 5). The lowest number of fertile spikelets spike-1 (13.31) was
obtained due to the interaction of Shotabdi, 19 December sowing and control.

Table 4. Interaction effects of date of sowing and management practices on yield and yield
contributing characters of wheat.

Date
of

sowin
g

Management
practices

No. of
total
tillers
hill-1

No. of
effectiv
e tillers
hill-1

No. of
spikelet
s spike-1

No. of
fertile
spikelet
s spike-1

1000
grain
wt.
(g)

Grai
n

yield
(t ha-
1)

Stra
w

yield
(t ha-
1)

Harvest
index
(%)

19
N
ov
em

be
r

Control 5.34c 4.22 c 16.74 28.09c 31.8
9

2.87
d 4.75e 37.75a

Water
hyacinth
mulch

6.84a 5.15a 19.20 33.89a 38.2
4 3.87a 6.72a 36.61b

Potassium
orthophosphat

e
5.77b 4.73b 18.49 33.00a 35.3

2
3.42
b 6.32b 35.17c

Salicylic acid
(SA) 5.62b 4.42c 17.78 31.02b 33.8

5 3.23c 5.50c 37.04a
b

19
D
ec
em

be
r

Control 2.93f 2.26 f 13.07 14.47f 24.9
6

1.28
h 3.76g 25.37d

e
Water
hyacinth
mulch

3.34d 2.84d 14.53 18.51d 30.6
4 1.75e 5.02d 25.71d

Potassium
orthophosphat

e

3.20d
e 2.70de 14.09 18.00d 27.9

5 1.58f 4.78e 24.68e

Salicylic acid
(SA) 3.11ef 2.55 e 13.89 16.89e 27.3

8
1.40
g 4.07f 25.51d

e
Level of significance ** * NS * NS ** ** *

CV (%) 5.00 5.96 5.33 3.87 5.01 3.21 2.87 3.18

In a column figures with similar letter(s) or without letters do not differ significantly whereas figures
with dissimilar letters differ significantly as per DMRT. NS, * and ** indicate not significant, at 5%
and 1% level of probability, respectively.

3.5. 1000-Grain Weight
Variety, date of sowing and management practices showed significant effect on

1000-grain weight. The heaviest 1000-grain weight (32.54 g) was observed in BARI
Gom-26 that was statistically similar with BARI Gom-26 and the lowest 1000-grain
weight (29.66 g) was observed in Shotabdi (Table 1). Higher 1000-grain weight
(34.82 g) was observed in 19 November sowing and lower 1000-grain weight (27.73 g)
was observed in 19 December sowing (Table 1). It was observed that the highest
1000-grain weight (34.44 g) was observed when water hyacinth mulch was applied
and the lowest 1000-grain weight (28.42 g) observed in control (Table 1). In case of
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1000-grain weight, different interaction among variety, date of sowing and
management practices had no significant influence (Table 5).
Table 5. Interaction effects of variety, date of sowing and management practices on yield and

yield contributing characters of wheat.

Varie
ty

Date
of

sowin
g

Managemen
t practices

No.
of
total
tiller
s

hill-1

No. of
effecti
ve

tillers
hill-1

No. of
spikele
ts

spike-1

No. of
fertile
spikele
ts

spike-1

100
0
grai
n
wt.
(g)

Grain
yield
(t ha-
1)

Stra
w

yield
(t ha-
1)

Harvest
index
(%)

B
A
R
IG

om
-2
1

19
N
ov
em

be
r

Control 4.93 4.07e 16.13 24.07f 30.7
1 2.66g 4.29i 38.27a

Water
hyacinth
mulch

6.53 4.73bc 18.80 32.07b
c

37.1
7 3.77b 6.19c

d 37.82ab

Potassium
orthophosph

ate
5.40 4.67c 18.13 31.20c

d
33.9
1 3.35d 5.95

de
36.05bc

de

Salicylic
acid (SA) 5.33 4.13e 16.93 31.07c

d
31.4
6 3.11e 5.17

g 37.58ab

19
D
ec
em

be
r

Control 2.87 1.80i 12.53 10.67l 22.9
9 1.12n 3.30

k 25.30hi

Water
hyacinth
mulch

3.13 2.60gh 13.87 15.13ij 30.2
5

1.32l
m 4.31i 23.43jk

Potassium
orthophosph

ate
3.07 2.53gh 13.00 14.60j

k
25.8
3

1.20
mn 4.25i 22.13k

Salicylic
acid (SA) 3.00 2.47h 12.73 13.07k 25.0

0 1.13n 3.61j 23.88ij

B
A
R
IG

om
-2
3

19
N
ov
em

be
r

Control 5.50 4.20de 16.83 28.67e 32.3
0 2.81f 4.69

h 37.46ab

Water
hyacinth
mulch

6.80 5.07b 19.27 34.33a 38.0
8 3.82b 6.65

b
36.50ab

cd

Potassium
orthophosph

ate
5.80 4.73bc 18.60 33.67a

b
35.7
7

3.43c
d

6.41
bc 34.89de

Salicylic
acid (SA) 5.67 4.53cd 18.00 29.60d

e
34.5
2 3.21e 5.60f 36.42ab

cd

19
D
ec
em

be
r

Control 2.87 2.47h 12.67 14.73j 25.4
1

1.22
mn 3.84j 24.11ij

Water
hyacinth
mulch

3.42 2.93fg 14.07 18.93h 30.6
7 1.83i 4.80

h 27.64f

Potassium
orthophosph

ate
3.13 2.66fg

h 14.20 18.13h 28.5
3 1.73ij 4.77

h
26.64fg

h

Salicylic
acid (SA) 3.00 2.53gh 14.07 16.40i 27.7

5
1.43k
l 4.21i 25.43gh

i

B
A
R
IG

om
-2
6

19
N
ov
em

be
r Control 5.60 4.40cd

e 17.27 31.53c 32.6
5 3.16e 5.27

g 37.53ab

Water
hyacinth
mulch

7.20 5.67a 19.53 35.27a 39.4
6 4.04a 7.33a 35.52cd

e

Potassium
orthophosph 6.13 4.80bc 18.73 34.13a 36.2

7 3.49c 6.60
b 34.57e
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ate

Salicylic
acid (SA) 5.87 4.60c 18.40 32.40b

c
35.5
7

3.39c
d

5.73e
f

37.13ab
c

19
D
ec
em

be
r

Control 3.07 2.53gh 14.00 18.00h 26.4
7 1.51k 4.14i 26.69fg

h
Water
hyacinth
mulch

3.47 3.00f 15.67 21.47g 30.9
9 2.10h 5.96

de
26.05fg

h

Potassium
orthophosph

ate
3.40 2.93fg 15.07 21.27g 29.4

9 1.80i 5.32
g 25.28hi

Salicylic
acid (SA) 3.33 2.67fg

h 14.87 21.20g 29.3
8 1.65j 4.41i 27.23fg

Level of significance NS * NS ** NS ** * **

CV (%) 5.00 5.96 5.33 3.87 5.01 3.21 2.87 3.18

In a column figures with similar letter(s) or without letters do not differ significantly whereas figures
with dissimilar letters differ significantly as per DMRT. NS, *and ** indicate not significant, at 5%
and 1% level of probability, respectively.

3.6. Grain Yield
Variety, date of sowing, weed management practices and their different interactions,

all had significant influence on grain yield. The highest grain yield (2.64 t ha-1) was
found in BARI Gom-26, whereas, the lowest grain yield (2.20 t ha-1) was observed in
Shotabdi (Table 1). These differences might be due to variation in response to variety
and environmental condition at the experimental site. Higher grain yield (3.354 t ha-1)
was observed in 19 November sowing and lower grain yield (1.505 t ha-1) was
observed in 19 December sowing (Table 1). This might be for the adverse impact of
terminal heat stress particularly to reproductive stages. This result was similar to
Mahboob et al. [16], who reported that delayed planting reduced the days to heading,
days to maturity grain filling duration and ultimately showed the reduction in yield
and yield components. In case of management practices, it was observed that the
highest grain yield (2.813 t ha-1) was obtained in water hyacinth mulch treatment and
the lowest grain yield (2.08 t ha-1) was obtained in control (Table 1). Grain yield was
significant with the interaction of variety and date of sowing. The highest grain yield
(3.52 t ha-1) was observed in BARI Gom-26 with 19 November sowing and the lowest
grain yield (1.19 t ha-1) was observed in Shotabdi with 19 December sowing (Table 2).
In late sowing, higher temperature was unfavorable for crop production, which
ultimately affected yield contributing components and yield. Hossain et al. [17] found
the similar results that high temperature stress during late sowing resulting in a shorter
plant height, lower tillers plant-1 and yield. There was significant difference in the
grain yield due to interaction of variety and management practices (Table 3). The
highest yield (3.07 t ha-1) was obtained due to the interaction of BARI Gom-26 with
water hyacinth mulch and the lowest grain yield (1.89 t ha-1) was obtained due to the
interaction of Shotabdi with control (Table 3). This variation may be due to variation
in response to variety and grain yield. Grain yield differed significantly due to
interaction of date of sowing and management practices (Table 4). The highest grain
yield (3.87 t ha-1) was obtained due to the interaction of 19 November sowing and
water hyacinth mulch and the lowest grain yield (1.28 t ha-1) obtained due to the
interaction of 19 December sowing and control (Table 4). Optimum sowing crop gave
more yield than late sowing crop. This may be due to longer growth period, biomass
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production, optimum temperature and adequate irrigation for growth at grain
formation and development in optimum sowing plots compared to late sowing plots.
All of these may be responsible for higher yield components in optimum sowing plots.
Significant difference was observed on grain yield among the interaction effects of
variety, date of sowing and management practices (Table 5). The highest grain yield
(4.04 t ha-1) was obtained due to the interaction of BARI Gom-26 with 19 December
sowing and water hyacinth mulch. The lowest grain yield (1.12 t ha-1) was obtained
due to the interaction of Shotabdi with 19 December sowing and control and that was
statistically similar with Shotabdi with 19 December sowing and Potassium
orthophosphate and Shotabdi with 19 December sowing and Salicylic acid (SA)
(Table 5). Yield variation due to management factors (sowing time, seed rate, quality
seeds, land preparation, fertilizers, irrigation, pest management, etc.) and
environmental variations (temperatures, mist, winds etc.) were also reported by
Kashem et al. [18] and Ahmed et al. [19].

3.7. Straw Yield
Straw yield was significantly affected by all three factors i.e. variety, date of sowing

and management practices. The highest straw yield (5.60 t ha-1) was observed in
BARI Gom-26 where the lowest (4.63 t ha-1) was observed in Shotabdi (Table 1).
Straw yield was decreased in wheat and it might be due to inhibited photosynthesis
under water and heat stress that causes less amount of nutrients uptake by the plant.
Straw yield was higher (5.82 t ha-1) in 19 November sowing than in 19 December
sowing (4.410 t ha-1) (Table 1). The highest straw yield (5.873 t ha-1) was obtained in
water hyacinth mulch and the lowest straw yield (4.25 t ha-1) was in control (Table 1).
Straw yield was also significantly affected by different interactions of these three
factors. In case of interactions between variety and date of sowing, the highest straw
yield (6.23 t ha-1) was observed in BARI Gom-26 with 19 November sowing and the
lowest straw yield (3.86 t ha-1) was observed in Shotabdi with 19 December sowing
(Table 2). The highest straw yield (6.64 t ha-1) was obtained in the interaction of
BARI Gom-23 and water hyacinth mulch where the lowest straw yield (3.79 t ha-1)
was obtained in the interaction of Shotabdi and control (Table 3). The interaction of
19 November sowing and water hyacinth mulch gave the highest straw yield (6.72 t
ha-1) whereas, the interaction of 19 December sowing and control gave the lowest
(3.76 t ha-1) (Table 4). Significant difference was observed on straw yield among the
interaction effects of variety, date of sowing and management practices. The highest
straw yield (7.33 t ha-1) was obtained due to the interaction of BARI Gom-26, 19
November sowing and water hyacinth mulch and the lowest straw yield (3.30 t ha-1)
was obtained due to the interaction of Shotabdi, 19 December sowing and controls
(Table 5).

3.8. Harvest Index
Harvest index showed significant effect with date of sowing and management

practices but not with variety. The highest harvest index (31.25%) was observed in
BARI Gom-26 and the lowest harvest index (30.56%) was observed in Shotabdi
(Table 1). Higher harvest index (36.64%) was obtained in 19 November sowing
whereas, lower harvest index (25.32%) was observed in 19 December sowing (Table
1). In case of management practices, the highest harvest index (31.56 %) was
observed in Control and the lowest harvest index (31.16%) observed in water
hyacinth mulch (Table 1). Harvest index was with the different interaction of variety,
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date of sowing and management practices. The highest harvest index (37.43%) was
observed in the interaction of Shotabdi with 19 November sowing and the lowest
(23.69%) was observed in Shotabdi with 19 December sowing (Table 2). Variety and
management practices interacted insignificantly for harvest index. But numerically,
the highest harvest index (32.18%) was obtained due to the interaction of BARI Gom-
26 and foliar spray of salicylic acid treatment (V2M4) and the lowest harvest index
(29.09%) was obtained due to the interaction of Shotabdi and foliar spray of
potassium orthophosphate treatment (Table 3). There was significant difference in the
harvest index due to interaction of date of sowing and management practices. The
highest harvest index (37.75%) was obtained due to the interaction of 19 November
sowing and control and the lowest harvest index (24.68%) obtained due to the
interaction of 19 December sowing and foliar spray of potassium orthophosphate
treatment (Table 4). Significant difference was observed on harvest index among the
interaction effects of variety, date of sowing and management practices. The highest
harvest index (38.27%) was obtained due to the interaction of Shotabdi, 19 November
sowing and control and the lowest harvest index (22.13%) was obtained due to the
interaction of Shotabdi, 19 December sowing and foliar spray of potassium
orthophosphate treatment (Table 5).

4. Conclusions
Terminal or late heat stress during the last phases of wheat development is

considered as one of the major environmental constraints that drastically reduces
wheat yield throughout most of the wheat growing areas in the world. Adjustment of
sowing time and adoption of various agronomic management practices with suitable
heat tolerant varieties could have the potential to mitigate the temperature stress
effects. Therefore, the present study was conducted to find out the most suitable heat
tolerant variety and appropriate management practices to counteract the adverse effect
of temperature stress. The results revealed that, in optimum sowing and water
hyacinth mulch, BARI Gom-26 variety gave higher yield than any other varieties. But
in late sowing condition the yield of Shotabdi reduced drastically than BARI Gom-26.
Because this crop was encountered mostly by terminal heat stress. Based on the
results of the present study it can be suggested that in order to obtain higher grain
yield, farmers may be advised to sow winter cereal in optimum sowing date and apply
mulch. But due to adverse situation if wheat is sown in late condition, BARI Gom-26
with water hyacinth mulch might be a better combination to mitigate the adverse
effect of terminal heat stress.
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