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Abstract

Late sowing of wheat experiences terminal heat stress which affects the grain development process and the harvested grains
are of poor quality if used as seed for next crop. This study investigated the role of sowing time and seed priming on seed
vigor and crop performance in wheat. Seed harvested from the crop sown on November 10, 25, December 10 and 25 were
primed with CaCl, for 12 h, or not. The primed and non-primed seeds were sown under field conditions for two consecutive
years. Seed harvested from late sown crop (December 10 and 25) caused poor stand establishment. However, seed priming
improved stand establishment, allometric traits, yield contributing parameters, biological yield, grain yield and harvest index.
Although, the grain yield was higher in seeds harvested from November 10 planted crop owing to more number of productive
tillers per unit area, spike length, number of grains per spike, 1000-grain weight; seed priming also improved the grain yield of
seeds harvested from late sown crop (December 10 and 25). These results suggest that seed priming can improve the field

performance of poor quality wheat seeds. © 2013 Friends Science Publishers
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Introduction

Optimum sowing time ensures adequate plant population
and produces good quality seed. Late sowing of wheat is the
major reason of low yield. In late planted wheat, low
temperature  prevailing during crop establishment
substantially —affects the germination and seedling
emergence. Late planting results in poor tillering, reduces
tillering period and more chances of winter injury (Byerlee
et al., 1984; Joshi et al., 1992). Delayed planting of wheat
bears terminal heat stress during grain development and
maturation. Late planted wheat plants have to complete all
growth and developmental stages in lesser time (Khan et al.,
2010) that results in great loss of yield due to high
temperature during grain filling period (Riaz-ud-Din et al.,
2010.). Evidences consistently reveal that exposure of the
parental plant to high temperature influences seed quality
(Hasan et al., 2013). Higher temperature after anthesis
adversely affects grain development and growth in wheat
because high temperature accelerates initial grain growth
rate but shortens the grain growth period (Hasan and
Ahmed, 2005). Short period of high temperature stress at
reproductive stage reduced the grain quality in wheat
(Randall and Moss, 1990; Savin et al., 1996). Under
controlled conditions, it is estimated that wheat yield
decreased by 4% for every 1°C rise in temperature above the
optimum (Wardlaw and Wrigley, 1994).

During grain filling stages of late sown wheat, high
temperature limits the grain yield (Wardlaw et al., 1989;
Farooq et al., 2011) because soluble starch synthase

involved in synthesis and deposition of starch is extremely
sensitive to high temperature and decreases its activity when
temperature touches the level beyond 20°C (Keeling et al.,
1994), which decreases grain weight and shrinks wheat
yield. As a consequence, smaller and shriveled grains
produced are of low vigor and viability if used as seed for
next crop. Khah et al. (1989) found that low-vigor spring
wheat seed produced lower yield.

Priming is a low risk technology (Harris et al., 1999)
and low cost solution for poor stand establishment (Farooq
et al., 2006a, 2009). Seed priming technique improves the
germination, seedling emergence, growth and yield
attributes of crop. Seed priming with KCI or CaCl,
improved the seedling growth, stand establishment as well
yield performance in direct seeded rice (Farooq et al.,
2006b). Likely, vigorous seedling growth, emergence and
yield performance by CaCl, priming has also been reported
in wheat under late sown conditions (Farooq et al., 2008a).
Priming of normal or low vigor seeds improved the vigor of
seedling in term of radicle length, plumule length and their
root, shoot ratio and fresh weight (Kausar et al., 2009).
Moosavi et al. (2009) reported that primed seeds
significantly improved the germination percentage, speed of
germination, root length and seed vigor. When low vigor
seeds were primed showed improved germination
performance (Bray, 1995). Seed priming with various salts
of calcium, potassium and/or priming with growth
regulators or hydropriming proved best to enhance vigor of
seed and also improved stand establishment (Basra et al.,
2003). Priming improved the performance under stress
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conditions like drought stress and chilling stress (Du and
Tuong, 2002; Farooq et al., 2008b). Priming led to better
crop emergence, growth, earlier flowering and greater yield
for summer grown maize (Harris et al., 1999; 2001).
Farmers reported earlier flowering (7-10 days) and maturity
(8- 10 days) by employing seed priming in rice and
chickpea (Harris et al., 1999). Number of productive tillers
per unit area, biological yield, grain yield and harvest index
was maximum in osmoprimed wheat under late condition
(Farooq et al., 2008b; Sattar et al., 2010). It is evident
from previous studies that primed crops showed rapid and
uniform emergence, good stand establishment and better
performance even under stressful environment as compared
to non-primed crops. Nonetheless, to best of our knowledge,
limited information is available on influence of sowing date
on seed vigor and, of seed priming on the field performance
of poor quality wheat seed. This study was, therefore,
undertaken to compare the performance and vigor of seeds
obtained from early and late sown wheat crop and to
appraise the potential of seed priming in improving the
performance of poor quality seed harvested from different
sowing dates.

Materials and Methods
Seed Source, Experimental Site, Soil and Design

Seeds of wheat cultivar seher-2006, used in this study were
obtained from Wheat Research Institute, Faisalabad,
Pakistan. Crop was sown at four different sowing dates viz.
November 10, 25, December 10 and 25 during 2010 and
2011 under field condition at Agronomic Research Area,
University of Agriculture, Faisalabad (31.25° N, 73.06° E
and 184 msl). For seed bed preparation and better
germination of wheat seed, soil was cultivated 2 times with
tractor mounted cultivator followed by planking each time.
A pre-sowing irrigation was applied and when soil reached
at field capacity, again soil was cultivated 2 times with
tractor mounted cultivator followed by planking each time.
The experimental soil texture was sandy loam with pH 8.1,
total exchangeable salts 0.29 dS m™, 0.81% of organic
matter, total nitrogen 0.049%, available phosphorus 8 mg
kg™, exchangeable potassium 110 mg kg™ and exchangeable
sodium 0.4 me 100 g™*. At maturity, crop was harvested and
seeds were stored for following year experimental trial.
During 2010 and 2011, seeds from previous harvest sown at
November 10, 25, December 10 and 25, 2009 and 2010
were soaked in aerated solutions of CaCl, (1.2%) for 12 h
and sown on November 8, 2010 and 2011, respectively,
while dry seeds were taken as control. The experiment was
laid out in randomized complete block design with factorial
arrangement having four replications. The crop was hand
drilled in 22.5 cm spaced rows using seed rate of 125 kg ha”
! Fertilizer was applied at 120-90 kg NP ha™. Whole
phosphorus and one third of the nitrogen were applied as
basal, while rest of nitrogen was applied in two equal splits
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at 1% and 2" irrigation. Weather data during the course of
experimentation are given in Fig. 1.

Stand Establishment

For  recording  observations  regarding  seedling
establishment, field was visited daily according to the
seedling evaluation handbook (Association of Official Seed
Analysts, 1990). Time to 50% emergence (Esy) was
calculated following the formulae of Coolbear et al. (1984)
modified by Farooq et al. (2005). Mean emergence time
(MET) was calculated according to the equation of Ellis and
Roberts (1981).

Allometry

Plant samples were collected randomly from each
experimental unit starting from 45 days after sowing at
fortnight interval until 105 days after sowing. Leaves were
separated from the plants and leaf area was recorded by leaf
area meter (CI-202, CID, Inc). Plant samples collected sun-
dried for 24 h and then dried in an oven at 70°C for 5 days
until constant dry weight. Leaf area index, leaf area
duration, crop growth rate and net assimilation rate were
calculated according to the method of Hunt (1978).

Agronomic and Yield Related Traits

Data on agronomic and yield related traits were recorded at
harvest maturity following the standard procedures. For
plant height, ten primary tillers were selected at randomly in
each plot and measurement was taken from base to the spike
tip. Productive tillers were counted from an area of 100100
cm? from three different places of each plot and were
averaged for per unit area (m?). Spike length, number of
spikelets per spike and number of grains per spike were
counted from ten primary tillers harvested randomly from
each plot and was averaged separately. Data regarding
1000-grain weight from each replication was recorded in
grams. For grain yield, crop from an area of 10.8 m? was
harvested and threshed manually, and then clean grains
were air dried, bulked and weighed while straw weight from
each plot was determined from sundried samples and
expressed in t ha™. Harvest index (%) was expressed as the
ratio of grain yield to total above ground biomass and
multiplied with 100.

The data collected were analyzed statistically by
employing Fisher analysis of variance technique (Steel et
al., 1996) using computer software MSTAT-C and
treatment means were compared by applying least
significance difference (LSD) test at 5% probability level.

Results

Seed priming significantly improved seedling emergence
and stand establishment in seed harvested from all previous
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sowing dates (Table 1). Seed priming reduced the time to
start emergence, Esp, mean emergence time and final
emergence compared with untreated seed harvested from
wheat sown on November 10, 25, December 10 and 25
(Table 1). During both years of study, minimum time to
start emergence, Es; and MET was recorded for seeds
harvested from crop sown on November 10 and then
primed, which was statistically similar to seeds harvested
from crop sown on November 25 and then primed. Alike,
higher final emergence was also recorded for seeds
harvested from crop planted on November 10 and then
primed. Maximum time to start emergence, Eso, MET and
lower final emergence was recorded for seeds harvested
from late sown crop and then sown without priming during
both years (Table 1).

Seed priming also significantly improved leaf area
index, leaf area duration, crop growth rate and net
assimilation rate (Table 5). Higher value of leaf area index,
leaf area duration, crop growth rate and net assimilation rate
was recorded for seeds harvested from November 10
planted crop and then primed which was similar to seeds
harvested from November 25 and then primed during both
years 2010 and 2011 (Table 5). Lower value of these traits
were recorded for non-primed seeds harvested from the late
sown crop (December 25) during both years (Table 5). Seed
priming improved the leaf area index, leaf area duration,
crop growth rate and net assimilation rate in the seeds
obtained from all sowing dates.

Yield and vyield related traits of wheat were also
affected by previous sowing dates and higher plant height,
productive tillers per unit area, spike length, spikelets per
spike, grains per spike, 1000-grain weight, biological yield,
grain yield, straw weight and harvest index was recorded for
seed harvested from November 10 planted crop and then
primed, which was similar to currently primed seeds
harvested from November 25 planted crop during both
years (Tables 2-4). Nonetheless, seed priming progressively
improved plant height, productive tillers per unit area, spike
length, spikelets per spike, grains per spike, 1000-grain
weight, biological yield, grain vyield, straw weight and
harvest index in the seed harvested from all sowing dates
(Tables 2-4).

Discussion

Crop sown from the seed harvested from December 10 and
25 planted crop showed poor performance in term of
emergence, allometric and agronomic attributes compared
with crop grown from the seed harvested November 10 and
25 planted crop (Tables 1-5). The poor performance of
following crop might be due to small seed size because seed
harvested from the crop sown on December 10 and 25 were
small and shriveled. It can be expected that high parent plant
temperature (24-26°C) during grain development resulted in
small and poor quality seed (McDonald et al., 1983;
Tewolde et al., 2006). Good quality seeds have higher vigor
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level, which allows rapid embryo growth and improves
seedling establishment even under stressful field conditions
(Ghanbari et al., 2013). Thomas et al. (2009) reported that
high parent plant temperature significantly affected growth
of subsequent seedling and dry weights. They also reported
that seedlings grown from seed produced at 34/24°C
temperature were shorter in height with smaller total plant
leaf area when compared to those seedlings grown from
seed produced at 28/18°C. High temperature during anthesis
and grain filling adversely affects grain development in
wheat (Tashiro and Wardlaw, 1990) because it accelerates
the initial grain growth rate but shortens the grain growth
period (Bauer et al., 1985; Bruckner and Frohberg, 1987).
As a consequence, the final grains weight (Table 3) and size
is greatly decreased at high temperature (Tashiro and
Wardlaw, 1990). Shriveled and poor quality seeds, if used
as seed for next crop, affect the seedling emergence,
seedling vigor, green leaf area and crop yield (Table 1-3).
Grass and Burris (1995) reported that seed harvested from
the crop exposed to medium or high temperature stress
during grain development exhibited low germination as
compared to control during following wheat season. Our
results also showed that seed harvested from crop sown on
December 10 and 25exhibited low germination (Table 1).
Timely planted wheat has longer growing period that results
in better growth, development, dry matter accumulation
(Spinks et al., 2000; Shahzad et al., 2002) and crop
produces good quality seeds ensuring better crop
performance during following season (Tables 1-5).

Seed size represents the amount of reserve that an
embryo contains to start its first life stage (Quero et al.,
2007). Large seeds germinate earlier and emerge faster on
soil surface as compared to small size seeds (Roy et al.,
1996; Larsen and Andreasen, 2004; Willenborg et al., 2005;
Kaydan and Yagmur, 2008). Seed harvested from crop
sown on November 10 and 25 were large and showed
earlier emergence, plant height, higher tillering capacity and
other components of yield (Table 1). Small grains have less
vigor and consequently affect the early ground cover,
tillering capacity of plant and other yield traits in following
season. Plant height and fresh weight increased with
increase in seed size increased (Karrfalt, 2004). Seed
harvested from late sown wheat showed less leaf area index,
tiller and other agronomic traits.

The earliness in emergence and lower mean
emergence time might be the fact that seed priming induces
a range of biochemical changes such as hydrolysis,
activation of enzymes, DNA replication, increase RNA and
protein synthesis enhances embryo growth and reduced
leakage of metabolites (McDonald, 2000). This edge of
primed seeds over non-primed results an improvement in
field emergence. Primed seeds showed better leaf
development and plants from primed seeds emerged earlier
and grew faster, showed better leaf area index, crop growth
rate and net assimilation rate as compared to non-primed
seeds (Tables 1, 5). Previous studies also revealed that
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Table 1: Effect of previous sowing date and current seed priming on time to start emergence, time taken to 50%
emergence, mean emergence time and final emergence in wheat

Previous sowing Time to start emergence (days) Time taken to 50% emergence (days) Mean emergence time (days)

Final emergence (m?)

date Control Osmopriming Control Osmopriming Control Osmopriming  Control Osmopriming
2010-11
10" November 5.75cd 5.0e 7.94b 5.74¢c 9.94b 751c 316.50b  344.25a
25" November  6.25 bc 5.0e 8.29 ab 5.73¢ 10.57 ab 761lc 30450 ¢ 319.50 b
10" December  6.50 ab 5.25de 9.09 ab 6.61c 10.73 ab 8.39¢c 287.00d  305.25c
25" December  7.0a 5.75¢cd 9.39a 8.16b 11.29a 9.76 b 279.50e  288.75d
LSD value 0.61 1.17 1.05 6.71
2011-12

10" November ~ 6.0ab 5.0d 8.05 bc 558¢e 9.82bc 741e 311.75b 334.75a
25" November ~ 6.0ab 5.0d 8.19ab 5.62¢ 10.37 ab 758¢e 300.75 ¢ 316.75b
10" December  6.25 ab 5.25cd 8.55ab 6.53 de 10.53 ab 8.31de 286.25d  30350¢c
25" December  6.50a 5.75bc 9.19a 7.01cd 11.0a 9.17 cd 274.75¢ 284.00d
LSD value 0.52 1.07 1.04 7.72

Table 2: Effect of previous sowing date and current seed priming on plant height, number of productive tiller, spike length

and number of spikelet per spike in wheat

Previous sowing  Plant height at maturity (cm)

Number of productive tillers (m?)

Spike length (cm) Number of spikelets per spike

date Control Osmopriming Control Osmopriming Control Osmopriming  Control Osmopriming

2010-11
10" November ~ 119.60b  128.13a 432.25b 475.00a 10.02b 10.92a 18.27b 21.90a
25" November  11528c¢  125.72a 423.00c 47400 a 10.02b 10.72a 18.25b 21.65a
10" December 107.05d  117.57 bc 355.50¢e 421.00c 8.27e 9.67¢ 15.37d 16.95¢
25" December 99.50 e 114.78 ¢ 336.75¢€ 408.75d 7.67f 8.62d 13.80d 15.95 cd
LSD value 3.32 7.81 0.34 1.18

2011-12

10" November ~ 115.78b  125.35a 448.75b 489.50 a 9.67b 10.10a 17.47b 19.67 a
25" November ~ 114.75b  122.93a 439.74 ¢ 487.75a 9.55b 10.05a 17.30b 19.37a
10" December 105.60d 110.40c 369.50 e 4340¢c 8.10d 8.45¢ 14.72d 15.70¢c
25" December  94.10 e 105.93d 340.75f 413.75d 7.20e 7.97d 1347e 14.32d
LSD value 3.39 8.26 0.21 0.46

Table 3: Effect of previous sowing date and current seed priming on number of grains per spike, 1000-grain weight,

biological yield and grain yield in wheat

Previous sowing Number of grains per spike 1000-grain weight (g) Biological yield (t ha?) Grain yield (t ha®)
date Control Osmopriming Control Osmopriming Control Osmopriming  Control Osmopriming
2010-11
10" November  47.40b 55.37a 39.13b 39.63a 13.67b 1493 a 4.83b 5.54a
25" November ~ 46.80 b 5472a 39.12b 39.62a 1341c 1491a 4.69c 552a
10" December  40.62d 44.05c¢ 3850¢ 39.01b 1122¢ 13.26 ¢ 3.89e 4.68c
25" December  37.62¢ 40.25d 37.16d 38.08¢ 10.71 f 12.90d 362f 456d
LSD value 1.83 048 0.22 0.108
2011-12
10" November  45.05b 48.65a 39.23b 39.85a 14.03b 15.39a 493b 577a
25" November ~ 44.95 b 48.10a 39.20b 39.63a 13.75¢ 1529a 485¢ 5.74a
10" December  38.12d 4147c 38.53¢ 39.13b 1154e 13.60c 4.00e 484c
25" December  32.40 e 37.87d 37.22d 38.46¢ 10.93 f 12.99d 372f 4.70d
LSD value 1.23 0.28 0.24 0.070
when low vigor seeds were primed, improved vigor, early, biological and grain yield was significantly increased

uniform emergence and good stand establishment was
found (Kausar et al., 2009; Khan et al., 2012). Primed seeds
produced significantly more number of tillers and panicles
as compared to non-primed plants in rice (WARDA, 2002).
Similarly, Farooq et al. (2006c; 2008a; 2009) reported
increase in tillering and growth of wheat and rice. As a
result of improved vyield contributing parameters,
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(Table 3). In earlier study, Harris et al. (2001) reported that
priming of wheat seeds resulted in 5-36% more yield as
compared to non-primed seeds. Improvement in harvest
index by seed priming indicates better assimilates and
dry matter partitioning toward the grain (Rehman et al.,
2011).
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Table 4: Effect of previous sowing date and current seed priming on straw weight and harvest index in wheat

2010-11 2011-12
Previous sowing Straw weight (t ha™) Harvest index (%) Straw weight (t ha™) Harvest index (%)
date Control Osmopriming Control Osmopriming Control Osmopriming  Control Osmopriming
10" November  8.85b 942a 35.35b 37.13a 9.09b 9.61a 3516cd  37.58a
25" November  8.67 ¢ 942a 35.23b 37.03a 8.90 be 955a 3524cd 3753a
10" December  7.32d 857c 34.67c 3542b 753e 8.75¢ 34.70d 35.61bc
25" December  7.07 8.32d 33.84d 35.37b 7.07f 8.29d 3397e 36.18b
LSD value 0.15 0.51 0.69 0.69

Table 5: Effect of previous sowing date and current seed priming on leaf area index, leaf area duration, crop growth rate

and net assimilation rate in wheat

Previous sowing Leaf area index Lead area duration (d) Crop growth rate (g m*d?) Net assimilation rate (g m? d™)
date Control Osmopriming Control Osmopriming Control Osmopriming Control Osmopriming
2010-11
10" November ~ 5.24b 559a 222b 241a 20.23b 22.2a 7440 8.29a
25" November ~ 5.04 b 557a 216 ¢ 239a 19.85¢ 2207a 7.20c 8.25a
10" December  4.64¢ 5.05b 206d 215¢ 18.11e 19.08 ¢ 6.49d 717¢
25" December ~ 4.05d 475¢ 201e 207d 17.14f 18.53d 5.89e 6.47d
LSD value 0.21 3.58 0.29 0.16
2011-12
10™ November ~ 5.39b 558a 233b 247a 20.72b 228a 8.02b 8.33a
25" November.  5.32b 5.53a 225¢ 246 a 204b 2259a 781c 8.27a
10™ December ~ 4.86d 520c 206 e 226¢ 18.68 ¢ 20.43b 7.27d 7.83¢
25" December  4.07e 512c¢ 201 f 214d 17.53d 18.95¢ 6.66 e 7.20d
LSD value 0.11 4.09 0.37 0.13
® In conclusion, delay in sowing influence the grain
o - £ Maximom Temperature (<) 120 development resulting in shriveled seeds of poor quality,
= Miinimum Temperature (°C) which upon plant suppress the performance of crop.
50 | —e—Rain fall (mm) - 100 However, seed priming can improve the field performance
—=—Relative humidity (%) of poor quality wheat seeds.
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