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Augmenting Spring Wheat Productivity
Through Seed Priming Under Late-Sown
Condition in Bangladesh

Banglades’te Gec¢ Ekim Kosullarinda Yazlik Bugday
Verimliliginin Tohum On Islemesi Yoluyla Artirilmasi

ABSTRACT

The sowing of wheat can be delayed in Bangladesh because of the late harvesting of previous
crops. Under late-sown conditions, heat stress results in poor development of wheat, which may
be avoided by seed priming techniques. The purpose of this study was to assess the effectiveness
of several seed priming methods for boosting wheat growth and yield when sown late. In this
regard, from December 2019 to March 2020, a field investigation was carried out at the Agronomy
Field Laboratory of Bangladesh Agricultural University. The experiment comprised three factors,
Factor A: wheat variety namely, BARI Gom-27 and BARI Gom-33; Factor B: sowing dates such
as 01 December 2019, 15 December 2019, and 30 December 2019; Factor C: Method of seed
priming namely, control (no priming), priming with 20,000 ppm calcium chloride and priming
with 20,000 ppm potassium chloride. With three replications, the experiment was set up using
a split—split plot design. Research revealed that seed priming was generally effective in promot-
ing plant growth, spikes number m=2, grains spike™, thousand-grain weight, and grain yield. Both
potassium chloride and calcium chloride performed significantly similar. As BARI Gom-33 is more
resistant to heat stress, it outperformed BARI Gom-27 in terms of spike length and grains spike™.
However, BARI Gom-27 and BARI Gom-33 performed quite similarly and wheat yield decreased
gradually with the delay of sowing due to temperature stress. A clear advantage of seed priming
was found in increasing grain yield at all sowing dates. Therefore, it is recommended to sow wheat
by 15 November following seed priming and in case of delay sowing seed priming is a must to
mitigate the temperature stress to some extent.

Keywords: Growth, heat stress, seed invigoration, sowing time, wheat, yield

6z

Banglades'te onceki Urlinlerin ge¢ hasat edilmesi nedeniyle bugday ekimi geciktirilebilmek-
tedir. Geg ekim kosullarinda, sicaklik stresi bugdayin zayif gelismesine neden olur ve bu durum
tohum &n igleme teknikleri kullanilarak onlenebilmektedir. Bu galismanin amaci, geg ekim
yapildiginda tohum 6n igleme yontemlerinin bugday blylimesini ve verimini artirmada etkinligini
degerlendirmektir. Bu amagla, aragtirmamiz Aralik 2019'dan Mart 2020’ye kadar, Banglades Tarim
Universitesi Zirai Aragtirma arazilerinde gerceklestirilmistir. Arastirma, Faktér A - BARI Gom-27
ve BARI Gom-33 olmak Uzere iki farkli bugday gesidi; Faktor B - 01 Aralik 2019, 15 Aralik 2019 ve
30 Aralik 2019 olmak Uizere Ug farkli ekim tarihi; ve Faktor C - kontrol grubu (6n islem yapilmamis
tohumlar), 20000 ppm CaCl2 ve 20000 ppm KCl ile 6n islem yapilmis tohumlar olmak Uizere Ug
faktorden olusmustur. Deneme bollinen boliinmus parseller deneme desenine gore Ug tekerrirll
olarak kurulmustur. Arastirma, tohum 6ncesi islemenin bitki blylmesini, metrekaredeki basak
sayisini, basaktaki tane sayisini, bin tane adirligi ve tane verimini artirmada genel olarak etkili
oldugunu gostermistir. Hem KCIl hem de CaCl2 6n isleme uygulamalari, 6nemli élglide benzer
bir performans sergilemistir. BARI Gom-33 ¢esidi, sicaklik stresi ile miicadele konusunda daha
direncli oldugu igin, bagsak uzunlugu ve basaktaki tane sayisi agisindan BARI Gom-27'den daha iyi
sonuglar géstermistir. Ancak, BARI Gom-27 ve BARI Gom-33 gesitlerinde ekim geciktikge benzer
sonuglar gostererek sicaklik stresi nedeniyle bugday verimi azalmistir. Tim ekim tarihlerinde tane
verimini artirmada tohum &ncesi islemin dnemi agik bir sekilde gorilmustir. Bu nedenle, tohum
on islemesi yapildiktan sonra bugdayin 15 Kasim’a kadar ekilmesi 6nerilir ve ekimin gecikmesi
durumunda, sicaklik stresini bir dereceye kadar azaltmak igin tohum 6n islemesi sarttir.

Anahtar Kelimeler: Biiylime, sicaklik stresi, tohum gti¢lendirme, ekim zamani, bugday, verim
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Introduction

One of the most popular cereal grains consumed worldwide is
wheat (Triticum aestivum L.). Wheat is the second most signifi-
cant cereal crop in Bangladesh after rice (Jahan et al., 2021), and
consumption of grain is rising steadily as a result of its affordable
cost of production, favorable market price, and high nutritional
content. Due to the country's shifting dietary preferences, wheat
has now a prominent place in agricultural policies in Bangladesh
and has become one of the most important grain crops. Bangla-
desh now produces 1.09 million tons of wheat covering a 0.34 m
ha area, yielding an average of 3.3 t ha™ (BBS, 2021). The aver-
age amount of wheat produced in Bangladesh is relatively low
when compared to several other countries that grow wheat. Also,
due to several biotic and abiotic causes, the yield of Bangladeshi
wheat in farmers’ fields is much lower than rice and maize (2.0 t
ha~") when compared to research fields (Ahmed et al., 2019; Kam-
rozzaman et al.,, 2016; Shabi et al., 2018). The date of sowing and
variety choice are of the highest importance when considering
the various factors influencing the nation’s poor yield of wheat.

The right sowing date can help with the specific environmen-
tal conditions that each crop variety needs to thrive to its full
potential. In Bangladesh, the best period to sow wheat is from
mid-November through the first week of December. However,
late harvesting of kharif crops, notably T. aman rice, causes wheat
sowing to be delayed. Additionally, there may not be enough irri-
gation water available, and occasionally there may be too much
moisture and water logging due to excessive rainfall, which can
also delay wheat sowing. When wheat is sown early, it encoun-
ters higher temperature resulting in inadequate root develop-
ment and poor growth of plants (Kamrozzaman et al,, 2016).
Delay planting affects germination, growth, grain development,
and eventually suppresses yield (Tahir et al., 2009). Timely plant-
ing extends the tillering phase and produces a sufficient number
of tillers, spikes, grains spike™, and grain weight, which ultimately
improves grain and straw output (Qasim et al., 2008). With each
week of delayed sowing, Braun et al. (2010) found that grain out-
put dropped, with a loss of 200-250 kg grain ha™'. Wheat yields
in Bangladesh are poor mostly due to environmental constraints
brought on by late planting and a short winter (Islam et al,, 1993).

High temperatures is the most major environmental stressor,
although others such as poor soil moisture, low light intensity,
and others can have an adverse effect on wheat development
and yield (Modarresi et al., 2010; Trnka et al., 2004). There are two
types of heat stress that wheat normally encounters: continual
and terminal. The phrase “continual heat stress” refers to the heat
stress that persists from sowing to maturity stages and “termi-
nal heat stress” refers to heat stress that begins during repro-
ductive development phases, notably from heading to maturity
stages (Reynolds et al., 2001). As per an investigation by Karim
etal. (1999), in Bangladesh, the wheat yield might drop by roughly
68% with a 4°C increase in temperature. According to Wiegard &
Cellular (1981), for each 1.0°C increase in the mean daily air tem-
perature, the grain filling period for wheat was delayed by 3 days.
However, according to the projected future climate, unless the
right cultivars and crop management strategies are used, rising
temperatures would result in a considerable decrease in wheat
output (Ortiz et al., 2008). The detrimental impact of high tem-
peratures on wheat output can be mitigated by using special
agronomic management strategies.
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Wheat's high-temperature stress can be lessened by using a
variety of physiological techniques. Seed priming is one of these
methods, which is a safe and affordable strategy to improve
wheat development (Farooq et al., 2006a). “Seed priming” seeks
to control the germination process by regulating the tempera-
ture and moisture level of the seeds. It is a useful physiological
pre-germination technique that enhances seed performance
and promotes coordinated germination of seed quickly (Mat-
sushima & Sakagami, 2013) by imposing stress conditions on
the seed before germination, which provides improved resis-
tance to forthcoming stresses (Anwar et al., 2021b; Yadav et al.,
2011). Plants that have been grown from primed seed, develop
more quickly and completely, with early blooming, maturity,
and larger yields as well as decreased likelihood of crop failure.
Various sorts of priming methods are hydro-priming with water,
osmo-priming with organic osmotic solution, halo-priming by
inorganic salt solutions, thermo-priming by low or high temper-
atures depending on species, bio-priming with biological com-
pounds, and solid matrix priming with solid matrices (Ashraf &
Foolad, 2005). Greater germination percentage, synchronized
germination, and speedier seedling emergence are advantages
of seed priming, and these qualities are directly related to crop
development and yield (Anwar et al., 2012; Farooq et al., 2007;
Mim et al., 2021).

Although applying seed priming techniques in controlled envi-
ronments has been shown to promote germination and seedling
growth (Anwaretal.,, 2020; Basra et al.,2005; Farooq et al., 2009b)
and also some achievements (Du & Tuong, 2002) in boosting the
performance of crops have been confirmed, but there has not
been much detailed study done to evaluate the impact of various
seed priming procedures to boost wheat development and yield
in late-sown conditions. Given the foregoing, the goal of the cur-
rent experiment was to determine how well various seed priming
strategies increased wheat growth and yield when it was seeded
late in the season.

Methods

A field trial was carried out at the Agronomy Field Laboratory
of Bangladesh Agricultural University from December 2019 to
March 2020 to determine the effectiveness of various seed prim-
ing procedures to boost the growth and yield of wheat under
late-sown conditions. Geographically, the region was situated at
24°75" N latitude and 90°50’ E longitude, with an altitude of 18
m above sea level. This region is a part of the Old Brahmaputra
Floodplain (AEZ 9), which has non-calcareous dark gray floodplain
soil under the Sonatola series. The land was medium-high and
well drained with a silty-loam texture. The soil of the experimen-
tal field was more or less neutral in reaction (pH: 6.65), organic
matter content (1.21%), total nitrogen (0.12%), available phospho-
rous (26.07 ppm), exchangeable potassium (0.15 me %), and the
general fertility level of the soil was moderate. The experimental
site belongs to a subtropical monsoon climate with a humid envi-
ronment. Table 1 provides information on the pattern of rainfall,
sunlight hours, temperature swings, and relative humidity over
the research period, and Figure 1 depicts the weekly averages for
maximum, minimum, and mean temperatures.

The experiment comprised three different sowing dates viz. O1
December 2019 (D,), 15 December 2019 (D,), and 30 December
2019 (D,); two seed priming agents with control treatment viz. no
priming (P,), priming with 20,000 ppm CaCl, (P,), priming with
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Table1.

Weather Data From November 2019 to March 2020 at the Experimental Site During the Growing Season of Wheat

Air Temperature (°C)
Month and Year Maximum Minimum Average Rainfall (mm) Relative Humidity (%) Sunshine (Hours)
December 2019 254 13.5 19.8 177 80.2 201.3
January 2020 24.02 1215 19.22 0.00 84.35 2272
February 2020 26.8 15.54 21.28 147 83.00 164.8
March 2020 30.65 1770 2376 1.90 7319 208.2

Source: Weather Yard, Department of Irrigation and Water Management, Bangladesh Agricultural University, Mymensingh.
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Figure 1.

Weekly Average Maximum, Minimum, and Mean Temperature From December 2019 to March 2020.

20,000 ppm KCI (P,); and two wheat varieties viz. BARI Gom-27
(V,) and BARI Gom-33 (V,). The experiment employed laboratory-
grade two priming agents made at MERCK, India: potassium
chloride (KCl) and calcium chloride (CaCl,). A split-split plot
design with three replications was used to set up the experi-
ment. Sowing dates were assigned to the main plots, seed prim-
ing techniques to the subplots, and variety was allocated to the
sub-subplots. There were 54 plots overall, each measuring 10 m?
(25 mx4.0m).

The land was prepared in the third week of November 2019. A
power tiller was used to repeatedly plow the ground. The land
was cleared of weeds and the remnants of the previous crop. Fol-
lowing leveling, the experimental plots were set up in accordance
with the chosen treatments and layout. At the time of the final
land preparation, one-third of recommended urea dose and the
full amount of Tripple Super Phosphate (TSP), Muriate of Potash
(MoP), gypsum, and boric acid were applied at 180, 50, 120, and
7.5 kg ha™, respectively. On days 20 and 55 following sowing, the
remaining two-thirds of urea were top-dressed in two equal por-
tions. Both wheat varieties’ seeds were steeped for 6 hours at
room temperature (25 + 2°C) in various priming agent solutions
that had been previously made using distilled water. The seed
weight to solution volume ratio was 1:5 (w:v). The seeds were
then taken out of the priming solution and thoroughly washed
with distilled water to eliminate any remaining chemical resi-
dues. Forced air was then used to dry the seeds to their original
moisture level. Dry seeds were placed in polythene bags and kept

in a refrigerator at 5°C until needed. After sprouting, the seeds
were sown in the plot at 110 g seeds per plot, spaced 20 cm apart.
Three distinct date—1 December, 15 December, and 30 Decem-
ber 2019-were chosen for the sowing of the seeds. The optimum
period to sow was thought to be on 1 December; 15 December
and 30 December were deemed late and extremely late, respec-
tively. So, at various stages, seedlings are subject to heat stress.
After sowing, the seeds were kept safe from birds. Three irriga-
tions were given, the first irrigation was given at 20 days after
sowing (DAS) at the crown root initiation stage, the second one at
the heading stage (60 DAS), and the third one at the grain filling
stage (80 DAS). To ensure the crop’s proper development, inter-
cultural activities like weeding were carried out.

The cultivars were harvested individually and according to a
plot after they were fully mature on 15 March, 21 March, and 29
March 2020, respectively, 1st, 2nd, and 3rd sowing dates. At har-
vest, data on the height of the plant; number of spikes m=2 spike
length, number of spikelets spike™; grains spike™; grains spike-
let™'; 1000-grain weight; grain, straw, and biological yield; and
harvest index were documented. The yields of grain and straw
were calculated plot-wise on a basis of 14% moisture and repre-
sented ast ha™.

The data were collected, tabulated, and statistically analyzed.
Using the computer program MSTAT, an analysis of variance was
performed with a 5% level of probability. Duncan’s Multiple Range
Test was used to determine the average differences between the
treatments.

Research in Agricultural Sciences 2023 54(2): 57-67 1 DOI: 10.5152/AUAF.2023.23112



60

Results

Main Effect

Sowing date

With the exception of spike length and grains spikelet™, the sow-
ing date had a substantial impact on the growth, yield-contrib-
uting characteristics, and yield of wheat. The delay in planting led
to a reduction in wheat plant height. The highest plant height
(95.38 cm) was found when sowing was done on 01 December.
At very late sowing (30 December), the plant (88.80 cm) was
shortened by 7 cm compared to the optimum sowing date (1
December). Number of spikes m~2 also followed a similar trend
where the highest value (146.38) was obtained with early sowing
(1 December). Apart from the sowing on 30 December (139.80),
the remaining two dates produced statistically equivalent num-
bers of spikes m=2 The performance of the 30 December sowing
was the worst in terms of spikelets spike™" (12.77). A clear advan-
tage of sowing date in increasing spikelets spike™ was evident
on 01 December (15.85) and 15 December (14.92) sowing, but not
thereafter. In terms of grains spike™" of wheat, 1 December sowing
showed maximum grains spike™ (47.66), whereas 30 December
sowing exhibited minimum grains spike™ (38.50). From Table 2,
it is clear that up to 15 December sowing the number of grains
spike™ of wheat was considerable. With the delay in sowing,
wheat’s thousand-grain weight dropped. The sowing that took

place on 1 December produced the maximum weight of 1000
grains (43.52 g), while the sowing that took place on 30 Decem-
ber produced the lowest weight of 1000 grains (31.04 g). With the
postponement of sowing, wheat grain yield was also reduced.
Wheat sowing on 1 December resulted in the maximum grain
yield (2.99 t ha™"). Wheat grain yield (1.67 t ha™") was lowered by
44% as a result of the very late sowing (30 December). Also, early
sowing led to the maximum straw yield (3.54 t ha™) and when
sown very late, the straw yield was recorded as being the lowest.
The highest harvest index (45.79%) of wheat was found when sow-
ing was done on 01 December. With the delay of sowing, harvest
index was gradually decreased (Table 2).

Seed priming

Seed priming had a significant influence on all yield parameters
and yield except spike length, spikelets spike™, and grains spike-
let™. When compared to non-primed seeds, it was shown that
priming the seeds enhanced wheat plant stature. Seed priming
performed significantly better than the control (90.03 cm), but
there were no significant differences between calcium (94.17 cm)
and potassium (94.81) priming. From Table 3, it is clear that on
average due to seed priming plant height was increased by 5
cm. As a result of seed priming, there were more wheat spikes
m~ than there were under control. With KCI priming, the great-
est number of spikes m=2 (145.81) was produced which was

Table 2.
Effect of Sowing Date on Plant Characters, Yield Parameters, and Yield of Wheat

Plant Spike Grains Grain Straw

Height | Spikesm=2 | Length Spikelets Spike™ Grains 1000-Grain Yield Yield Harvest
Sowing Date (cm) (no.) (cm) Spike™ (no.) (no.) Spikelet (no.) Weight (g) (tha™) (tha™) | index (%)
01 December 95.38a 146.38a 12.08 15.85a 47.66a 3.02 43.52a 2.99a 3.54a 45.79a
15 December 94.82a 145.82a 12.20 14.92a 44.88a 3.03 41.07b 2.69b 3.32a 4473a
30 December | 88.80b 139.80b 12.03 12.77b 38.50b 3.04 31.04c 1.67¢ 271b 38.11ab
Sx 27.41 27.41 014 2.66 2211 0.27 2.66 0.07 0.10 22.35
Level of *% *% NS *% *% NS *% *k *k *%
significance
CV (%) 5.6 36 31 1.2 10.8 172 4.2 10.9 10.2 11.0
Note: NS =Not significant.
Means with the same letters or without letters within the same column do not differ significantly.
**Significant at 1% level of probability.
Table 3.
Effect of Seed Priming on Plant Characters, Yield Parameters, and Yield of Wheat

Spike
Plant Length Spikelets Grains Grains Grain Straw

Height | Spikes m (cm) Spike™ Spike™ Spikelet™ 1000-Grain Yield Yield Harvest
Seed Priming (cm) (no.) (no.) (no.) (no.) Weight(g) (tha™) (tha™) | Index (%)
No priming 90.03b 141.03b 12.21 13.87 41.50b 3.02 3711b 2.21b 3.02b 41.70b
CaCl, priming 9417a 14517a 12.05 14.85 44.66a 3.01 38.96a 2.55a 3.28a 4317a
KCl priming 94.81a 145.81a 12.05 14.8 44.88a 3.06 39.57a 2.59a 3.27a 43.76a
Sx 15.58 2570 0.36 2.07 7.99 0.08 1.30 0.02 0.09 3.38
Level of * * NS NS * NS x ok * *
significance
CV (%) 42 27 5.0 9.9 6.5 9.5 3.0 6.4 9.9 4.3
Note: NS = Not significant.
Means with the same letters or without letters within the same column do not differ significantly.
**Significant at 1% level of probability.
*Significant at 5 % level of probability.

Research in Agricultural Sciences 2023 54(2): 57-67 1 DOI: 10.5152/AUAF.2023.23112
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Table 4.
Effect of Variety on Plant Characters, Yield Parameters, and Yield of Wheat
Plant Spikes Spike Grains 1000-Grain Grain Straw

Height m Length Spikelets Spike™ Grains Weight Yield Yield Harvest
Variety (cm) (no.) (cm) Spike™ (no.) (no.) Spikelet (no.) (9) (tha™) (tha™) | Index (%)
BARI Gom-27 92.22 143.22 10.32b 1417 4270b 3.03 3779 2.35 3.13b 42.45
BARI Gom-33 9378 143.22 13.89a 14.86 44.66a 3.03 39.30 2.55 3.25a 43.30
Sx 25.70 25.70 0.36 1.28 0.07 0.08 2010 0417 0.01 21.65
Level of NS NS ok NS ok NS NS NS x NS
significance
CV (%) 55 3.5 5.0 7.8 0.6 9.8 11.6 16.9 0.9 10.9
Note: NS =Not significant.
Means with the same letters or without letters within the same column do not differ significantly.
**Significant at 1% level of probability.

statistically similar to CacCl, priming (145.17) and the lowest was
registered with no priming (141.03). When compared to the con-
trol, seed priming greatly outperformed it in terms of number
of grains spike™ (41.50), but there was no significant difference
between calcium (44.66) and potassium (44.88) priming and on
average due to seed priming wheat grains spike™ was increased
by 7%. As compared to the control, priming boosted 1000-grain
weight by roughly 5.5%. Seed priming demonstrated higher effec-
tiveness in this regard. The maximal 1000-grain weight (39.57 g)
obtained by KCI seed priming was comparable to CaCl, priming
(38.96 g). Using KCI priming, the best grain yield was attained
(2.59 t ha™) which was statistically equivalent to CacCl, priming
(2.55 t ha™). Seed priming outperformed the control by a large
margin and boosted yield. When compared to non-primed seeds,
it was shown that priming the seeds enhanced the yield of wheat
straw. The performance of seed priming was much better than
the control, but there was no noticeable difference between cal-
cium (3.28 t ha™) and potassium (3.27 t ha™) priming. The harvest
index for seeds primed with KCL was greatest (43.76%), followed
by seeds primed with CaCl, (43.17). Due to seed priming, the har-
vest index rose by 2% on average (Table 3).

Variety

In wheat varieties, a significant varietal effect was seen in the
spike length, grains spike™, and straw yield. Between the two
varieties, the performance of BARI Gom-33 was better in terms
of length of spike (13.89 cm), number of grains spike™" (44.66), and
strawyield (3.25 t ha™) of wheat. BARI Gom-27, on the other hand,
generated 10.31 cm long spikes, 4270 grains spike™, and 3.13
straw t ha'. (Table 4).

Interaction Effect

Variety and seed priming

With the exception of spikelets spike™, grains spikelet™, and har-
vest index, interaction between variety and seed priming had a
substantial impact on all yield parameters and yield of wheat.
Apart from the interaction between BARI Gom-27 and control,
which exhibited reduced plant height (89.48 cm) of wheat, other
interactions of variety and seed priming resulted in statistically
identical plant height. BARI Gom-33 with KCL priming had the
tallest plant (95.65 cm). When the seeds of BARI Gom-33 were
primed with KCL, the maximum number of spikes m= (146.65)
was generated which was statistically equivalent to other inter-
actions except BARI Gom-27 with control which resulted in lower
spikes m=2 (140.48). The BARI Gom-33 with control treatment
had the longest spike (14.09 cm), which was statistically equal to

the BARI Gom-33 with CaCl, priming (13.83 cm) and BARI Gom-
33 with KCI priming (13.75 cm), but the BARI Gom-27 with CaCl,
priming had the smallest spike (10.27 cm). Similar to this, BARI
Gom-33 with KCL priming generated the most grains spike™
(46.44), whereas BARI Gom-27 with control treatment produced
the least (40.77). BARI Gom-33 with KCL priming also generated
the maximum 1000-grain weight (40.66 g), whereas BARI Gom-
27 with control treatment produced the minimum (36.70 g). Grain
yield was found highest (2.72 t ha™") in BARI Gom-33 with KCL and
all other interactions produced significantly similar grain yield of
wheat except BARI Gom-27 with control treatment (214 t ha™)
and BARI Gom-33 with control treatment (2.28 t ha™) (Figure 2). In
the case of interaction between variety and seed priming except
for BARI Gom-27 with control (2.93 t ha™), all other interactions
produced a significantly similar straw yield and the highest was
noticed in BARI Gom-33 with KCL priming (3.34 t ha™) (Table 5).

Variety and sowing date

Two varieties performed well irrespective of the sowing date in
the situation of variety and sowing date interaction. Irrespective
of varieties, the performance of the 30 December sowing was the
worst. Tallest plant (96.38 cm), maximum number of spikes m=2
(147.38), spikelets spike™ (16.47), grains spike™ (49.00), 1000-grain
weight (44.42 g), grain yield (2.46 t ha™), straw yield (3.60 t ha™),
and harvest index (46.32 %) were documented in BARI Gom-33
when sown on 1 December (Figure 3, Table 6). All of these param-
eters were gradually decreased with the delay of sowing for both
varieties. Though the spike length of BARI Gom-27 followed this
trend spike length of BARI Gom-33 did not, where the highest
spike length (14.04 cm) was obtained with BARI Gom-33 when
sown on 15 December. Most of the parameters were found low-
est in BARI Gom-27 sown on 30 December, but the lowest spike
length was found in BARI Gom-33 sown on 30 December (Table 6).

Seed priming and sowing date

Length of spike and grains spikelets™ were not significantly var-
ied when seed priming and sowing date interacted with each
other. The tallest plant (97.26 cm) and highest number of spikes
m~2 (148.26) were noticed in CaCl, priming and 15 December
sowing. A clear advantage of priming in increasing plant height
and spikes m=2 was evident up to 15 December sowing, but not
thereafter. The highest number of spikelets spike™" (16.40), grains
spike™ (49.33), highest 1000-grain weight (44.95 g), and grain
yield (316 t ha™") was observed in KCI priming and 1 December
sowing (Figure 4, Table 7). Table 7 indicates that up to the 15
December sowing, the benefit of priming in improving these
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Figure 2.
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Grain Yield of Wheat as Influenced by the Interaction Between Variety and Seed Priming. Bar Represents Standard Error of Means. Here, V,= BARI Gom-27,
V,=BARI Gom-33; P,=No priming, P.,=CaCl,priming, P,= KCI priming.

;'r-?tt:elreaiion Effect of Variety and Seed Priming on Plant Characters, Yield Parameters, and Yield of Wheat
Plant Spike Grains 1000-Grain | Straw
Height | Spikesm= | Length Spikelets Grains Spikelet™ Weight Yield Harvest
Variety x Seed Priming (cm) (no.) (cm) Spike™ (no.) | Spike~' (no.) (no.) (9) (tha™) | Index (%)
No priming 89.48b 140.48b 10.34b 13.51 40.77b 3.05 36.70d 2.93b 41.82
BARI Gom-27 | CaCl, priming 93.23ab | 144.23ab 10.27b 14.61 44.00ab 3.02 38.18b-d 3.25ab 42.49
KCl priming 93.96ab | 144.96ab 10.36b 14.38 43.33ab 3.03 38.48bc 3.21ab 43.05
No priming 90.57ab | 141.57ab 14.09a 14.23 42.22ab 2.99 37.52cd 3.12ab 41.58
BARI Gom-33 | CaCl, priming 9512a 146.12a 13.83a 15.08 45.33ab 3.01 39.73ab 3.31a 43.86
KCl priming 95.65a 146.65a 13.75a 15.27 46.44a 3.09 40.66a 3.34a 44.47
Sx 27.41 27.41 014 2.66 2211 0.27 2.66 0.10 22.35
Level of significance o o o NS o NS o * NS
CV (%) 4.2 27 50 9.9 6.5 9.5 3.0 9.9 4.3

Note: NS =Not significant.
Means with the same letters or without letters within the same column do not differ significantly.
**Significant at 1% level of probability.
*Significant at 5% level of probability.

Figure 3.
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;I:tglr;?t:ion Effect of Variety and Sowing Date on Plant Characters, Yield Parameters, and Yield of Wheat
Plant Spike Grains Grains Straw
Height | Spikesm= | Length Spikelets Spike™ Spikelet™ 1000-Grain Yield Harvest
Variety x Sowing Date (cm) (no.) (cm) Spike™ (no.) (no.) (no.) Weight (g) (tha™) | Index (%)
01 December 94.38ab 145.38ab 10.38b 16.22ab 46.33ab 3.05 42.63b 3.48ab 45.27a
BARI Gom-27 | 15 December | 93.98ab 144.98ab 10.37b 14.42bc 43.66b 3.06 39.94c 3.21b 4415a
30 December 88.31c 139.31c 10.22b 12.86¢d 38.11c 2.98 30.80d 2.70c 37.94b
01 December 96.38a 147.38a 13.78a 16.47a 49.00a 2.99 44.42a 3.60a 46.32a
BARI Gom-33 | 15 December 95.66a 146.66a 14.04a 15.43ab 46.11ab 3.01 42.21b 3.44ab 45.31a
30 December | 89.30bc 140.30bc 13.84a 12.68d 38.88c 3.09 31.28d 273c 38.29b
Sx 2741 27.41 014 2.66 2211 0.27 2.66 0.10 22.35
Level of significance ok ok ** ok ok NS ok ** ¥
CV (%) 5.6 3.6 31 1.2 10.8 172 42 10.2 1.0

Note: NS =Not significant.
Means with the same letters or without letters within the same column do not differ significantly.
**Significant at 1% level of probability.

Figure 4.
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Grain Yield of Wheat as Influenced by the Interaction Between Seed Priming and Sowing Date. Bar Represents Standard Error of Means. Here, P.,=CaCl,
priming, P, _ KCI priming; D, =01 December, D, =15 December, D,=30 December 2019, P,=No priming.

;I:tt;ﬁlz'tion Effect of Seed Priming and Sowing Date on Plant Characters, Yield Parameters, and Yield of Wheat
Plant Spike | Spikelets | Grains Grains 1000-
Height | Spikes m=2 | Length | Spike™ Spike™ | Spikelet™ Grain Straw Yield Harvest
Seed Priming x Sowing Date (cm) (no.) (cm) (no.) (no.) (no.) Weight (g) (tha™) Index (%)
01 December 93.38a-c | 144.38a-c | 1214 14.90ab | 45.00bc 3.03 41.51b 3.30ab 4515ab
No priming 15 December 90.90b-d | 141.90b-d | 1220 | 14.55a-c | 44.00cd 3.07 40.30b 3.28ab 43.38b
30 December 85.81d 136.81d 12.30 12.16d 35.50f 2.96 29.51d 2.50c 36.58d
01 December 95.38a-c | 146.38a-c | 11.99 16.25a 48.66ab 3.01 4411a 3.68a 45.76ab
CaCl,priming |15 December 97.26a 148.26a 1212 15.51a | 46.00a-c 2.96 41.43b 3.30ab 46.12a
30 December 89.88cd 140.88cd | 12.04 1278cd 39.33e 3.07 31.33c 2.86bc 37.64d
01 December 97.40a 148.40a 121 16.40a 49.33a 3.01 44.95a 3.65a 46.48a
KCl priming 15 December 96.31ab 147.31ab 1229 | 147a-c | 44.66bc 3.08 41.50b 3.40a 44.68ab
30 December 90.71b-d | 141.71b-d 1176 | 13.38b—-c | 40.66de 3.09 32.28¢ 2.78c 40.12c
Sx 15.58 0.36 0.36 2.07 7.99 0.08 1.30 0.09 3.38
Level of significance o ok NS x ok NS o o x
CV (%) 5.6 36 341 1.2 10.8 17.2 4.2 10.2 11.0
Note: NS =Not significant.
Means with the same letters or without letters within the same column do not differ significantly.
**Significant at 1% level of probability.
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parameters was obvious. Interaction between CaCl, priming
and 1 December sowing produced the highest straw yield (3.68
t ha™") and the maximum harvest index (46.12%) was recorded in
CaCl, priming and 15 December sowing. All the parameters were
found lowest in no priming and very late (30 December) sowing
(Table 7).

Variety, seed priming, and sowing date

When variety, seed priming, and sowing date all interacted with
each otherthey substantially impacted yield parameters and yield
of wheat except grains spikelet™. Tallest plant (98.53 cm), number
of spikes m~2(149.53), spikelets spike™" (17.13), grains spike™" (51.33),
1000-grain weight (46.06 g), grain yield (3.28 t ha™), and harvest
index (47.20 %) were recorded in BARI Gom-33, KCI priming and 1
December sowing (Figure 5, Table 8). The longest spike (14.36 cm)
was registered with BARI Gom-33, no priming, and 30 Decem-
ber sowing, whereas the highest straw yield was documented in
BARI Gom-33, CaCl, priming, and 1 December sowing. Most of
the parameters were found lowest in BARI Gom-27, no priming,
and 30 December sowing whereas the lowest spikelets spike™
and weight of 1000 grains were documented in BARI Gom-33, no
priming, and 30 December sowing (Table 8).

Discussion

Throughout the life cycle, plants often experience a period of abi-
otic stress in their natural settings, which can affect their normal
development and growth. Previous studies (Arun et al, 2022;
Patane et al, 2009; Wahid et al., 2008) have shown that prim-
ing seed is a previous exposure to a certain stress which provides
plants better resistance to future stress. Therefore, it was pro-
posed that seed treatment prior to sowing would aid in quicker
and higher seed germination, improved survival, enhanced
growth, and greater vigor in wheat seedlings. Compared to
unprimed seeds, plants grown from primed seeds frequently
develop more quickly (Anwar et al., 2021a).

The sowing dates in this study had a substantial impact on plant
height. When the sowing date was delayed, plants’ height dramat-
ically fell. The shortened growth period in late sowings caused the

plants'height to decline. It may be possible that early-sown crops
benefited from improved climatic circumstances, particularly in
terms of temperature and solar radiation, which led to the tallest
plants. These results are consistent with Akram et al. (2007), who
claimed that sowing dates significantly influenced plant height
and also, they documented taller plants in early-sown rice than
in late-sown rice. But in contrast to plants without priming, seed
priming dramatically raised the height of wheat cultivars pro-
duced under the same conditions. In some crop species, seed
priming significantly improved stand, establishment, and early
vigor (Harris et al., 1999), which lead to accelerated growth and
greater plant height. According to Farooq et al., (2011), primed
seeds often produce more dry matter and grow plants with higher
plant heights and root weights than untreated seeds. Addition-
ally, Ali et al. (2013) provided evidence that several seed priming
techniques increased the plant height of wheat. A further finding
made by Anwar et al. (2012) was that the seed priming technique
had a positive effect on the plant height of direct-seeded aerobic
rice. The current study reveals the same results as earlier ones.

It was shown that high temperatures caused a significant drop
in spikes m~2 and spikelets spike in late-sown wheat, which may
have also decreased grains spike™, weight of 1000 grains, and
grain yield. If seeds are sown too early, low temperature may
impact germination, and if seeds are sown too late, high tem-
perature may diminish crop output. Thus, it is essential to sow
seeds at the proper time. If wheat is sown later, low temperatures
that are common during late sowing will negatively affect the
germination process of seed, emergence of seedling and seed-
ling vigor that led to fewer spikes m=2 and ultimately reduces
yield and harvest index. Impaired pollination and seed set (Farooq
et al., 2011), a drop in the number of ear heads, and a reduction in
the quantity of grains spike™' (Nawaz et al., 2013) may be related
to the obvious deleterious consequences of high temperatures.
The findings of the study reveal that seed priming increased the
number of spikes m=2 and spikelets spike™'. As demonstrated by
several studies (Patanée et al., 2009; Wahid et al., 2008), seed
priming gives plants a higher resistance to stress, As a result, it
was anticipated that seed treatment before sowing may assist
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Figure 5.
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V,=BARI Gom-27,V,=BARI Gom-33, D, =01 December, D, =15 December, D,=30 December 2019, P,= No priming, P.,= CaCl,priming, P,= KCI priming.

Research in Agricultural Sciences 2023 54(2): 57-67 1 DOI: 10.5152/AUAF.2023.23112



65

"A311qeqoad JO [9A8) %1 1B JUBDYIUBIS 4
‘A|pueoyIubis Jayip 30U OP UWIN|OD BWJES Y] UIY3IM S183118| INOYLIM IO S191318] SUJeS U3 YIM SUBS)
JuedyIubIS J0N = SN 930N

O’k Tolk (4% Tl 80} T e g€ 95 (%) NO
ok ok . SN - - - - ok 9ouBdYIUBIS JO [9AST
sece (o]X0) 99T 1T0 ee 99T 4] Wit Wie XS
0-BGG0F 4-0€8'C pesce cee 9-q99'ly p-qocel gsgel o0-B0LTYI 0-BEEU6 | Joquiedad Og
Buiwid
[Sjteleyel7 qees’e qeQLEy €0€ O-BEE 9P 0-BEE'GL qeL6'el eEe6Yl BEEU6 | Jaquiedaq gl [0}
e0T LY [EfelexS ©90'91 10'€ eeelg egl/) qeLL el eEG 6L BEG'86 | Jaqwiedad Lo
9-B89'6E 4-0€8C 9p00CE 60°€ 9-0€€'6E p-q99ch qcoel 0-BOLTYL 0-B0B'06 | J9qwedeQ Og
Buiwid
Sexeld p-e9ce 29e0Ty 16T o-eEEly qeo6'Gh qeL0vh eEEBY L BEE'8e | Jaquiednaq Gl ‘oBD|  £E-WoD |vd
qeyC oy EYR) e9l'GY 96C qeeE B ©0.L9) qeogel qeQC Lyl geek96 | 1eqweded Lo
216'GE $0EGT 9€0'6C 96C Clefeleyely peoTh B9E 9906'9€El 2q06'S8 | Jequieoaq Og
o-egeey 0-BEY'E 290G+ zoe P-e99tri P-B90'GH qeLOvk 0-BEETYL o-ege’le | Jequieds( Gi | Buiwid oN
qeTS'Sy 0-BOY'E 2qe0Ty 66T o-eLE9P qeo9'sh qey8el 0-B0G Gl 9-BOG¥6 | 48quiadsq Lo
9-B89'6E J-peLe opeLle 86T 9-099'6€ pP-qotEl 296'6 o-BEE Il 0-BOV'IB | Jequwiedad Og
Buiwid
o-elLEY p-egze 906'6€ 453 9-e00'EY p-e0l vl 2190} 0-B0C 9Vl 9-B0E'GE | Joquiede( Gl o)
qeS.GY eE9C qeeg el zoe o-eEEy qe99Gl 215°0L qeQT L) qe9T'96 | JaqwedaeQ Lo
9q06'9€ 4-906'C 9p990E ¥0'€ 9-0E€'6E p-q06°CH 2150 0-B98'6BEL 5-e98'88 | Jeqwiedad O¢
Buiwid
qeQE Gy p-ecTe 29€8°0 86T p-e99't1 p-eELGl JANo]! qeQT Lyl geoz'96 | Jequiedaq gl foeD|  LT-Won |¥vd
qesT Sy eE9'C qeQO'ey 90°€ 2-eQ0'8Y qe08'Gl 9810} 0-BEQ'GYI 0-BEQYE | Jaquiedaq Lo
2qs5TLe J9r'C 9p000E 86T 9ee'se po0E Tl %T Ok o8/ 9€EL 9g/G8 | Jeqwedaq Og
oO-Bp el o-BELE 2016 453 9-BEC'EY P-BEOVL opE 0l o-E9Y Lyl 0-BQ9y’06 | Jequiede( G} | Buiwiid oN
-8/ vY p-eOC'E 2900’ 80°€ 9-BQQ'EY p-B9O'GH oYy Ok 0-BQ9T'EY) 0-B9T'C6 | Jequiedaq Lo
(%) xapul (-ey3) (6) 3ybram (‘ou) ,-3819x1ds (-ou) (ou) ,exids | (wd) yabua (-ou) (wo) a1eq buimos x Buiwilid pass x A1ariep
3senseH PISIA MenS uleln-000k suresn -ovidg sutesn | sjgpIds aids wsads | 3yblaH jueld

183U/ JO PJaIA PUB ‘Sio3aWIBIES PJBIA ‘SI930BIBYD IUEBI4 UO 83B(J BUIMOS puUB ‘Builllid posas ‘1818 JO 1094/ UOI0BI8U|

‘ga|qeL

Research in Agricultural Sciences 2023 54(2): 57-67 1 DOI: 10.5152/AUAF.2023.23112



66

wheat seedlings combat various abiotic challenges under late-
sown conditions (Mim et al.,, 2021).

In this study, seed priming increased the number of grains spike™
and 1000-grain weight, which ultimately boosted yield. Under
high-temperature stress, seed priming can boost the grain and
straw yield of wheat. According to Farooq et al. (2008), in late-
sown wheat, seed priming improved seed emergence, stand
establishment, grain and strawyields, and the harvest index. Seed
priming significantly enhanced grain output (17%) as compared
to non-primed wheat seed Ramamurthy et al. (2015). Ali et al.
(2013) also noted that various seed priming methods improved
the number of viable tillers, the weight of one thousand grains,
grain yield, and the biological yield of wheat. Higher grain output
from primed seed may be the result of well-established, vigor-
ous seedlings that acquire resources more quickly (Anwar et al.,
2012; Harris et al.,, 1999; Mahajan et al. 2011). Additionally, Farooq
et al. (2009a) claimed that the quick and controlled synthesis of
emergent metabolites in primed seeds resulted in more robust
and healthy seedlings that improved growth and increased yield.
Anwar et al. (2012) stated that primed stands may produce more
grain due to greater numbers of panicle-bearing tillers resulting
from less seedling mortality. The stronger seedlings from primed
seeds produced more grain because they were able to gather
resources quicker and more successfully than seedlings from
unprimed seeds (Farooq et al., 2009a).

In this study, the influence of wheat variety on spike length, grain
spike™!, and straw production was significant. Two varieties (BARI
Gom-27 and BARI Gom-33) responded differently to different sow-
ing dates and it was noticed that early-sown wheat performed
well than late sown and this nature was observed in both variet-
ies. Though BARI Gom-33 performed marginally better than BARI
Gom-27, overall, the results showthat both types performed almost
equally well and the grain yield of these kinds steadily declines with
the delaying of sowing. For all sowing dates, BARI Gom-27 and
BARI Gom-33’s grain yield increased, which is a definite benefit of
seed priming. The purpose of seed priming was to speed up germi-
nation and shield the seed from environmental stress throughout
the crucial stage of seedling growth in order to ensure consistent
establishment and higher yields (Arun et al., 2021).

The priming agents employed in this experiment, KCl and CaCl,,
performed nearly similarly. However, there were other instances
when KCI priming outperformed CaCl, priming only marginally.
Farooq et al. (2006b) found that increasing rice yield under dry
direct sowing conditions looked to be possible with KCl and CaCl,
priming. According to Toklu et al. (2015), in contrast to the con-
trol, PEG, KCI, and hydro-priming treatments increased wheat
grain output. Suryakant et al. (2000) reported that the priming
treatment with IAA, KCl, water, and ZnSO, followed by sowing of
sprouted produced the highest grain, straw, and biological yields
of wheat, whereas the dry seed sowing method produced the low-
est yields. Anwar et al. (2012) also determined that the best way
to promote seed germination and seedling vigor was to prime
seeds with KCI or CaCl,. According to Anwar et al. (2021a), win-
ter rice can be benefitted from priming with KCl or CaCl, (20,000
ppm) to increase seed germination, seedling growth, and seed-
ling survival when exposed to cold stress.

Conclusions and Recommendation

Finally, current research supports that both of the varieties per-
formed fairly similar and grain yield decreases gradually with the
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delay of sowing due to temperature stress. At all planting dates,
boosting grain yield was demonstrated to be a definite benefit
of seed priming. Therefore, it is recommended to sow wheat by
15 November following seed priming and in case of delay sow-
ing seed priming is a must to mitigate the temperature stress
to some extent. With the intention of opening up new pos-
sibilities for improving seed priming to reduce heat stress in
late-sown wheat, particularly at the reproductive stage, KCI and
CaCl,emerged as the best priming agents. Consequently, it can
be asserted that seed priming is a viable technique for at least
somewhat lowering the effect of temperature stress in the event
of a delay. But more investigations should be done throughout
the world to strengthen this recommendation.
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