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Abstract

The present study was carried out to examine the possibilities of obtaining primed seeds that maintain high germination

quality and the same longevity as the untreated seeds. For Tall wheatgrass tested, we found that the desired longevity could be

obtained by keeping the seeds under heat shock for a period of several hours, after a priming treatment. Decreasing

germination and seedling vigour in BAP 25 and 50 ppm, for 24 priming, did not happen again due to such a treatment. In

addition, following priming, heat shock affects the initial quality of primed seeds in some treatments. Optimal temperature

was strongly duration dependent. The method was applied to obtain primed seeds without the loss of storability, which is

similar to those procedures used to induce desiccation tolerance in germinated seeds and acquire thermo tolerance in plant

vegetative tissues.
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Introduction

Over the past two decades, seed priming is used
extensively in order to increase speed and uniformity of
germination in the field, for a better establishment of
seedlings and a faster passage to environmental unfavorable
conditions during germination and emergence, etc. It is used
in many important crops, such as wheat (77iticum
aestivum), maize (Zea mays), pepper (Capsicum annuum),
soybean (Glycine max), both for optimal and unfavorable
environmental conditions (Igbal and Ashraf, 2007; Farooq
et al., 2008; Korkmaz and Korkmaz, 2009; Zhang ez al.,
2012). Despite the fact that priming has a large number of
positive effects, when combined with subsequent
desiccation, the effect of priming is not necessarily positive.
In some situations, the benefit to germination is lost or
partly retained on desiccation, or rapidly lost during storage
(Bulter et al,, 2009). Bruggink ez 4l. (1999) advanced the
hypothesis of longevity induction to primed seeds.
Assuming that the mechanisms conferring longevity and
desiccation tolerance are related to each other, treatments
that induce desiccation tolerance should also have a positive
effect on longevity. They used different treatments,
including heat shock (Bruggink e 4/, 1999). Heat shock is
often defined as the rise in temperature beyond a threshold
level, for a specific duration. In general, a transient elevation
in temperature, usually 10-15 °C above ambient
temperature, can be considered as heat shock (Wahid ez 4/,
2007). Seed aging is characterized by a sigmoidal
relationship between viability and time (Walters ez 4/,

2010). Accelerated ageing (AA) has been recognized as a
good predictor of seed’ storability (McDonald, 1999). After
aging period, high vigour seeds are expected to still show
high germination, whereas low vigour seeds are expected to
show a considerable decrease in germination (Kruse, 1999;
ISTA, 2010). We have described heat shock treatments that
induce desiccation tolerance in primed seeds. In fact, the
aims of the present study were: (1) to characterize the
sensitivity of primed seeds with different substance, to
ageing conditions, (2) to investigate whether heat shock
followed by priming induces seed longevity, (3) to
determine whether heat shock followed by priming can be
involved in the reinforcement of priming effects. Over the
past two decades, seed priming is used extensively in order to
increase speed and uniformity of germination in the field,
for a better establishment of seedlings and a faster passage to
environmental unfavorable conditions during germination
and emergence, etc. It is used in many important crops, such
as wheat (I7iticum aestivum), maize (Zea mays), pepper
(Capsicum  annuum), soybean (Glycine max), both for
optimal and unfavourable environmental conditions (Igbal
and Ashraf, 2007; Farooq et al, 2008; Korkmaz and
Korkmaz, 2009; Zhang ez al., 2012). Despite the fact that
priming has a large number of positive effects, when
combined with subsequent desiccation, the effect of
priming is not necessarily positive. In some situations, the
benefit to germination is lost or partly retained on
desiccation, or rapidly lost during storage (Bulter ef 4L,
2009). Bruggink ez al. (1999) advanced the hypothesis of
longevity induction to primed seeds. Assuming that the
mechanisms conferring longevity and desiccation tolerance
are related to each other, treatments that induce desiccation
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tolerance should also have a positive effect on longevity.
They used different treatments, including heat shock
(Bruggink ez al.,, 1999). Heat shock is often defined as the
rise in temperature beyond a threshold level, for a specific
duration. In general, a transient elevation in temperature,
usually 10-15 °C above ambient temperature, can be
considered as heat shock (Wahid ez 4., 2007). Seed aging is
characterized by a sigmoidal relationship between viability
and time (Walters ez a/., 2010). Accelerated ageing (AA) has
been recognized as a good predictor of seed’ storability
(McDonald, 1999). After aging period, high vigor seeds are
expected to still show high germination, whereas low vigor
seeds are expected to show a considerable decrease in
germination (Kruse, 1999; ISTA, 2010). We have described
heat shock treatments that induce desiccation tolerance in
primed seeds. In fact, the aims of the present study were: (1)
to characterize the sensitivity of primed seeds with different
substance, to ageing conditions, (2) to investigate whether
heat shock followed by priming induces seed longevity, (3)
to determine whether heat shock followed by priming can
be involved in the reinforcement of priming effects.

Materials and methods
Plant material

Tall wheatgrass (Agropyron elangatum) seeds used in this
study were prepared from Bahar Researching Station of
Hamedan, Iran (34 48 N — 48° 31" E; AAP 315 mm) and
were kept at 3 °C until the beginning of the experiment. Seed
moisture was measured before testing, by the oven method
(130 °C for 1 h) (ISTA, 1996), which was equivalent to 7.8%.
In addition, a germination test was carried out to assess the
seeds’ initial viability at 25 °C, which showed 98% germination
rate, with normal seedlings.

Priming treatments

Seeds were treated with benzylaminopurine (BAP)
solutions. BAP concentrations were 25 and 50 ppm.
Hormone concentrations of appropriate were prepared.
The seed subsamples were randomly selected and were
placed in Petri dishes of 15 ¢m diameter, containing the
above mentioned medium. Solution volume in each Petri
plate was determined based on the grounds that the seeds
should not be completely submerged in the solution, i.e. on
one side they are almost in contact with air. Seeds were
soaked in these solutions for 24 and 36 h at 10 °C. After
priming, seeds were washed several times with sterile
distilled water, and then seeds’ surface moisture was
removed with blotting paper.

Accelerated ageing test

At the end of imbibition, part of the primed seeds were
placed at the same temperature that were primed, in order
to reduce the moisture content and reach the level of
unprimed seeds, so that to be ready to perform accelerated
aging (AA) test. Three AA regimes were performed, by
suspending the primed and control seeds over 40 ml of
deionized water, on a wire mesh tray, in a closed plastic box
(11x11x4 cm). The boxes were then placed in the
incubator at a temperature of 41 °C for 0, 3 and 6 day
periods (Delouche and Baskin, 1973; ISTA, 2010). Relative
humidity in the boxes was 90- 95 %.
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Heat shock after-priming test
The rest of the primed seeds were desiccated by means of
exposing them to ambient temperature. This led to 10%
decrease in moisture content (MC) (Bruggink ez 4/, 1999).
Afterwards, seeds of each treatment were separately foil
wrapped, in order to avoid reduction of seeds’ moisture. Next,
seeds were stored at temperatures of 30 and 40 °C for periods
of one, two, three and four hours, after which they were
transferred to 30 °C, until the moisture content of the seeds
reached the initial moisture level, before priming (Bruggink ez

al. 1999).

Germination Assays

Samples of 150 seeds (three replicates of 50 seeds) for each
treatment were surface sterilized with 2% sodium
hypochlorite for two minutes, to avoid fungus attack, and
subsequently washed with sterile distilled water, before being
used in the germination experiments. Seeds’ surface moisture
was removed with blotting paper and the seeds were placed in
Petri dishes (90 mm diameter) with two moistened filter
papers. Subsequently, Petri dishes were sealed in a plastic bag,
to prevent evaporation, and were placed in the darkness for
21 days, at a temperature of 25 °C (+1) (ISTA, 1996), for
evaluating germination behavior. Germinated seeds were
counted daily. A seed was scored as germinated if its radical
had 2 mm. The rate of germination was estimated using
Timson index (GI) as follows: GI=X (Gt/t), where Gt is the
number of germinated seeds per day t (Patade et 4/., 2009;
Zhang et al, 2012). The higher value of Timson’s index
indicates a more rapid rate of germination. The seedling
vigour index (SVI) was calculated as SVI= Seedling length x
N om)lal germination percentage (Abdul-Baki and Anderson,
1973).

Statistical Analysis

Analysis of variance (ANOVA; P < 0.05) for comparing
treatment effects in both factorial experiments was
conducted, in a completely randomized design (CRD), with
3 replications. Arcsine data transformation was performed on
percentage data before the analysis of variance, to ensure
homogeneity of variance (non-transformed data appear in all
tables and figures). All data were analyzed via SAS v.9.1. If the
ANOVA showed significant effects, Duncan’s multiple range
test (P <0.05) was used to determine differences among
treatments.

Results and Discussion
Accelerated Ageing after Priming

Accelerated ageing resulted in a statistically significant
reduction of the germination percentage (GP) of the
observed primed and non-primed seeds (P < 0.0001). The
interaction between priming and AA was significant for all
traits (Germination Percentage: F-Value =7.44, P < 0.0001;
Normal Seedling Percentage: F-Value = 3.9, P = 0.0029;
Seedling Vigour Index: F-Value = 6.12, P = 0.0001 and
Germination Index F-Value = 22.1, P < 0.0001).

Accelerated ageing negatively affected all traits. The GP
was significantly affected by AA in primed and unprimed
seeds ?Eig. 1). Under free ageing, no significant differences
were observed between primed and unprimed seeds (Fig, 1).
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After three days of ageing, the highest and lowest GP
allotted to BAP 50 ppm for 24 h (GP=92%) and unprimed
(GP=63%) respectively (Fig. 1[A]). In six days of AA, GP in
both primed and unprimec% seeds was significantly declined.
However, BAP 25 ppm for 24 h with 55% germination was
the best result. The lowest GP was devoted to BAP 25 and
50 ppm for 36 h (9%) (Fig. 1[A]).

The results of normal seedling percentage (NSP) under
free ageing are similar to GP (Fig. 1[B]). Seed priming with
BAP 25 ppm for 24 h resulted in a statistically significant
increase in NSP under three (77%) and six (40%) days of
ageing, whereas in the same conditions, unprimed seeds’
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NSP were respectively 57 and 17 percent (Fig. 1[B]). Seed
priming with BAP 25 ppm for 24 and 36 h performed prior
to accelerated ageing, increased the Timson index (GI) (Fig.
1[C]). At three days AA, the highest and the lowest GI was
assigned for BAP 25 and 50 ppm for 24 h (GI=14) and
unprimed (GI= 6.7%) respectively (Fig. 1[C]). Seed
priming with the BAP 25 and 50 ppm for 24 and 36 h led to
a decreased SVI of seeds tested under optimum temperature
conditions (Fig. 1{D]). However, on three days of AA, BAP
25 ppm for 24 h had a higher SVI compared to unprimed
seeds (Fig. 1{D]). In addition, for BAP 25 and 50 ppm for
36 h there were no significantly differences compared with
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Fig. 1. Germination (%) (A), normal seedling (%) (B), Timson index (C) and seedling vigour index (D) of unprimed and primed

Tall wheatgrass seeds subjected to 0, 3 and 6 days accelerated aging. Priming treatments were BAP 25 and 50 ppm for 24 and 36

hat10°C

the unprimed seeds. Furthermore, at the six days AA, BAP
25 ppm for 24 h had a higher SVI compared to unprimed
seeds (P<0.05) (Fig. 1[D]).

Accelerated Ageing after Post-Priming (Heat Shock)

Analysis of variance of accelerated ageing followed by
post-priming revealed that there is a significant difference
between the primed seeds exposed to different temperature
and the duration of the heat shock (P < 0.0001). The triple
interactions between priming, heat shock and AA was
significant for all traits (NSP: F-Value =6. 36, P < 0.0001;
SVI: F-Value = 4.61, P < 0.0001 and GI: F-Value =14.57, P
< 0.0001). Comparison of means with Duncan's multiple
range test illustrated that under free AA, priming
treatments at different levels of heat shock, had no
significant differences.

The greatest differences were observed in the three and

six days of AA. Therefore, the results of three and six days of
AA may suffice (Tab. 1). At three days of AA, heat shock of
40 °C in all four-term, followed by priming treatments, gave
higher NSP (Tab. 1), while the lowest belonged to %eat
shock of 30 °C. The highest NSP (83%) was assigned to
heat shock of 40 °C for four hours, followed by BAP 50
ppm for 24 h (Tab. 1). In addition, heat shock of 40 °C for
periods of 1 and 4 hours, followed by BAP 25 ppm for 24 h
and 40°C for 2 h, BAP 25 ppm for 36 h, were the best in
terms of NSP (Tab. 1). Seeds primed with BAP 25 and 50
ppm for 24 h exposed to heat shock of 30 and 40 °C in the
all four-term samples had higher GI under free ageing (Tab.
2). However, all levels of heat shock drastically reduced GI
primed seeds at BAP for 36 h (Tab. 2). Accelerated ageing
resulted in a statistically significant reduction in GI and SVI
(Tab. 2 and Tab. 3). So that, by increasing the aging period,
GI and SVI felt heavily. Nevertheless, heat shock of 40 °C
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Tab. 1. Normal seedling percentage of Tall wheatgrass seeds at
different levels of heat shock followed by priming treatments; the
LSDy os for normal seedling (%) is 7.745

Heat shock after .
o Days of ageing
Priming treatments priming =
Temp Time 0 3 6
(C) (h)
1 92(5)AP 65(10)MT 9(5)+
20 2 95(3)*® 23(s)* 93)*
3 94(3)A8 30(17)% 6(6)*
4 89(4)~¢ 36(22)%* 4(3)e-i
BAP 25 ppm 24 h 1 91(4)M 78(10)" 57(5)Y
0 2 96(2)* 61(2)° 9(5)+
3 93(2)~¢ 77(6)°N 9(7)+
4 91(5)A* 80(7)F 46(4)V
1 88(2)* 58(9)"Y 1(2)
x5 2 89(6)AF 11(5) 1(1)
3 90(2)*F 61(8)°Y 5(5)
4 89(3)*¢ 39(5)%Y 5(3)*
BAP 25 ppm 36 h 1 83(3)P% 67(1) 7(2)
0 2 87(3)H 80(6)* 5(5)
3 90(2)*F 59(9)" 5(5)+
4 88(4)*" 71(15)* 0(0)!
1 93(5)P 63(4)NY 5(4)
- 2 70(5)<® 47(5)v% 2(2)81
3 95(3)** 47(8)"X 6(2)*
4 89(4)AF 39(2)% 6(3)%e
BAP 50 ppm 24 h 1 81(3)" 49(8)T (1)
p 2 80(6)" 56(9)%Y 21(1)
3 8o(4)re  72(00° 131
4 85(8)*  83(11)°*  8(2)*f
1 77(6)5N 60(9)"Y 2(0)Fi
30 2 73(4)"" 63(15)NY 11(2)
3 84(2)¢7 58(6)" 1(1)7
4 75(8)"° 46(7)"% 0(0)
BAP 50 ppm 36 h 1 78(4)FM S3(9)% 5(1)%e
40 2 78(7)"M 52(3)*Y 6(4)*
3 83(4)P% 57(6)" o(0y
4 89(3)*¢ 65(2)MT 2(2)¢

Note: Means (+ SD) without the same lowercases indicate statistically
significant differences for normal seedling percentage (P <0.05).

Under free ageing, SVI of primed seeds with BAP 50
ppm exposed to heat shock in the all four-term samples had
lower values. The result of SVI is similar to GI (Tab. 3). So
tha, at six days of AA, heat shock of 40 °C for periods of 1
and 4 hours, followed by BAP 25 ppm for 24 h, had higher
SVI, respectively 877 and 748 (Tab. 3).

The response of unshocked and shocked priming
treatments was different among samples, in regard to AA.
Applying different levels of heat shock led to considerable
variation in the amount of GP. Although the comparison
between unshocked and shocked priming treatments was
not performed, with a glimpse of data, it can be said that in
three days of AA, at most levels of heat shock treatments,
followed by priming, NSP not only did not decrease, but
even increased in some cases. For example, in heat shock of
40 °C for 4 hours, followed by BAP 50 ppm for 24 h, NSP
was 83% (Tab. 1), while in unprimed seeds it was 57% (Fig
1[B]). In the case of GI and SVI also, the same results were
obtained. At six days of AA, GP, NSP, GI and SVI of all
priming treatments, at all levels of heat shock, dramatically
decreased (Tab. 1, Tab.2, Tab. 3), except for heat shock of
40 °C for periods 1 and 4 hours, followed by BAP 25 ppm
for 24 h. This information suggests that many factors can be
effective in inducing storability of primed seeds, and in fact,
in maintaining the desirable properties of priming. The type
of material and their concentrations, temperature and
duration of priming, and also temperature and duration of
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heat shock, were all involved in providing different
responses. However, most aging studies have been
conducted on primed seeds with different materials and
methods, and have revealed that priming often reduces seed
longevity (Bruggink ez al., 1999; Gurusinghe and Bradford,
2001; Lin et al., 2005). This study was also no exception
from this rule. During the last decade, some researchers were
trying to use different post-priming methods, to return
longevity of primed seeds. In the study of Bruggink ez al.
(1999), it was used PEG incubation of primed seeds for 3
days and heat shock (40 °C) treatment for 3 h, and was able
by this manner to prevent the reduction of longevity. Lin e#
al. (2005) concluded that while slow drying improved the
initial quality of primed seeds, on the contrast, fast drying
led to a rapid reduction of seed longevity during storage. In
their study, slow-dried seeds initially accumulated less
amounts of MDA and total peroxide, as compared to fast-
dried seeds. The results obtained from our study showed
that after six days of AA, the GI of 3.3 was obtained for
unshocked BAP 25 ppm for 24 h priming (Fig. 1[C]). But
under the shock of 40 °C for 1 and 4 h, GI increased to 6.8
and 7.2, respectively (Tab. 2), whereas GI of the control
(unprimed) was 1.3 (Fig. 1{C]). Furthermore, as mentioned
in results for AA, the SVI of 547 was obtained for
unshocked BAP 25 ppm for 24 h priming (Fig. 1[D]). But
treated with the heat shock of 40 °C for 1 and 4 h, SVI
increased to 877 and 748, respectively (Tab. 3), while SVI of
339 was obtained for the control (Fig. 1[D]). The similarity
in inductive methods for desiccation tolerance in
germinated seeds, and for storability in primed seeds,
suggests that the same physiological mechanisms are
involved (Bruggink ez al, 1999). Desiccation tolerance of
seeds is a complex multifactorial trait, involving a multitude
of genes, whose expression ultimately leads to mechanisms
of both cellular protection and cellular repair (Gallardo ez
al, 2001). Tikhomirova (1985) expressed that in
Pennisetum glaucum, pre-sowing hardening of the seeds at
42 °C resulted in plants’ tolerance to overheating and
dehydration and also in having higher levels of water-soluble
proteins and lower amounts of amide-N, compared to non-
hardened plants. In the process of heat acclimatization, heat
shock factors (Hsfs) play an important role in regulation of
this heat-induced transcriptional reprogramming (Kotak ez
al., 2007). Immediately after exposure to heat shocks and
perception of signals, changes occur at molecular level,
altering the expression of genes, and the accumulation of
transcripts, therefore leading to the synthesis of stress
induced proteins, as a heat-tolerance strategy (Iba, 2002).
The production of heat shock proteins (HSPs) is known to
be a significant adaptive strategy in this regard. The HSPs
have cﬁperone—hke functions and are involved in signal
transduction during heat shock (Wahid ez 4/, 2007).
Additionally, there are specified late embryogenesis
abundant (LEA) proteins genes that are induced in
vegetative tissues, in response to high temperatures, drought
and salinity stress, or by exogenous ABA (Tunnadiffe and
Wise, 2007; Bies-Etheve ¢z al., 2008). Other studies (Clarke
et al, 2004 and 2009; Larkindale and Knight, 2002;
Larkindale ez al, 2005) shed some light on crosstalk
between the hormonal, redox and calcium-activated,
signaling pathways which can play a significant role in heat-
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tolerance, to ensure a rapid response, which is essential for
survival against heat shock. During recent years, there has
been increasing evidence on the role of salicylic acid (SA) in
acquiring tolerance mechanisms for several abiotic stress
conditions (Horvath ez 4/., 2007). It has also been suggested
that SA is to be involved in heat-shock responses (Liu ez 4.,
2006; Clarke ez al.,, 2009). In report of Alonso-Ramirez ef
al. (2009) it became clear that the overexpression of a
FsGASA4 (gene from Fagus sylvatica) in Arabidopsis
improves plant tolerance to heat shock, through had an
increase in SA  biosynthesis. On the other hand,
overexpression of FsGASA4 in Arabidopsis induces high
tolerance to paclobutrazol (GA biosynthesis inhibitor) and
reduces the dependence of GA for growing (Alonso-
Ramirez ¢ al., 2009). Heckman ez al. (2002) pointed that
Kentucky bluegrass (Poa pratensis) plants treated with a GA
inhibitor were less heat tolerant than untreated plants. In
addition, the overexpression of a GASA4 in Arabidopsis
induces resistance to heat shock (Ko ez al., 2007). In report
of Alonso-Ramirez et 4l. (2009) the exogenous application
of GA3 was able to reverse the inhibitory effect of heat stress
in Arabidopsis seedlings. Findings of current study are
consistent with those of Alonso-Ramirez ez 4l (2009).
Larkindale ez al. (2005) observed an increase in the level of
absicic acid (ABA) upon recovery from heat shock,
suggesting a key role at the latter period. ABA is an inductor
of acclimation/adaptation in plants, also influencing
desiccation by modulating the up- or down-regulation of

Tab. 2. Timson index (GI) of Tall wheatgrass seeds at different

levels of heat shock followed by priming treatments; the

LSNDN NS far GTie 1 2A0
Heat shock after

o priming Days of ageing
Priming treatments -
Temp Time 0 3 6
(C) (h)
1 1907 10(0.7)%° 09(0.4)"
= 2 21(0.3)* 8(1.1)"" 1.1(0.5)
3 19(1.2)%P 11Q2.6)"N 0.7(0.5)"
4 19(1.4)% 7(0.6)*Y 0.8(09)"
BAP25ppm 24h 1 20(09) 11((0.2)K'M 68(1)™
o 2 19(0.6)* 10(0.5)™ 1.1(0.6)*
3 18(09)°% 13(06)% 17(1)%=
4 18(07)°% 15(L1)F 72(12)
1 1005 8(0.2)°" 12(04)
P 2 11(0.6)% 3(02) 02(0.1)
3 10(12)M 7(07)*Y 0.7(0.4)"
4 12(05)* 7(0.1)3Y 0.6(02)"%
L) el 1 120074 10(03)% 1(02)”
o 2 1307 81(15)%" 04(04)
3 12(1.2)% 9.5(0.7)8% 0.8(0.3)
4 13(1) 1020 03(0.2)
1 18(0.2)°* 11(0.4)<M 0.5(0.3)*
o 2 18(07)¢ (LI 02(02)*
3 19003 10(13)™Q 0.6(0.1)
4 19(09)* 1006M  13(07)*
AP 2 1 18(L6°E 1012 05(0.17
o 2 18(0.7)>% 10(1)™ 2.2(04)%
3 19(0.6)*> 14(0.7)E 09(0.1)"
4 19(0.6)** 13(17)% 1.1(0.6)*
1 3(1) 75(07)%Y 04(0.1)
o 2 106N 9406  15(0.3)*
3 12003 85(07)°% 04(0.2)
4 15(1)¢ 5.3(05)" 03(02)
BAP 50ppm36h 1 (DY 6107)™Y  0502)
© 2 11(14)%N 8(1)rT 07(07)"%
3 1304} 84(1.2)° 04(02)
4 1407 56(0.6)"Y 0.5(04)

Note: Means (+ SD) without the same lowercases indicate statistically
significant differences for Timson index (P <0.05).

abundant genes (Xiang e¢# al., 2002). These approaches
reflect a complex cross-talk among different hormones at
both levels of biosynthesis and action (Weiss and Ori,
2007). There are specified LEA genes that are induced in
vegetative tissues in response to high temperatures, drought,
salinity stress or by exogenous ABA (Tunnadiffe and Wise,
2007; Bies-Etheve et al., 2008). However, BAP hormone
has not been used for this purpose to date.

Tab. 3. Seedling vigour index (SVI) of Tall wheatgrass seeds at
different levels of heat shock followed by priming treatments; the
LSDO0.05 for SVIis 174.32

Heat shock after X
Priming priming Days of ageing
treatments Temp Time
Q _ ® 0 > ¢
1 1195(76)*¢ 716(78)"2 272(81)U*
50 2 1203(82)A¢ 414025 278(50)
3 1140(80)*> 443(168)* 232(96)%<
4 1085(80)*¢ 502(202)%" 186(85)*
AP ZE e 20 1 1022(144)%  908(117)+  877(14)%°
i 2 1291(157)* 663(62)°% 285(68)"*
3 1200(131)4¢ 904(89)" 289(136)
4 1067(171)*H 954(50)°* 748(109)-2
1 1148(11)* 824(125)K° 64(111)"
2 2 1197(191)4¢ 322(70)™* 0(0)!
3 1156(143)*? 899(100)™ 162(157)™
4 1148(38)~> 703(62)* 187(52)%¢
AR g 1 1055E64§“” 1044((10)5)BI 227((27))\W
i 2 1121(90)** 1149(153)*  160(149)"¢
3 1231(125)* 884(93)5N 192(108)%
4 1150(88)*  1086(301)*¢ 0(0)*
1 907(81)* 702(35)M% 217(93)%
= 2 710(33)M2 586(66)%° 111(101)%
3 1046(174)! 555(62)%° 230(38)"<
4 832(61)° 468(39)*Y 216(46)
BAP50ppm 24h 1 872(178)5° G770V 255(22)'
i 2 964(185)°* 715(93)M2 436021V
3 1052(185)*H 746(35)2 344(4)™
4 1054(272)""  1000(163)%  257(64)<
1 778(111)% 894(152)™ 112(7)
0 2 859(134)1° 895(129)"™ 304(36)™
3 1066(93)*" 823(110)° 42(73)
4 994(168)°% 698(94)M* 0(0)!
BAP 50 ppm 36h 1 947(96)°" 833(59)© 208(26)%¢
i 2 1111(100)A 819(45)<° 219(94)%
3 1036(124)™ 867(33)<° 0(0)*
4 1122(102)** 903(20)™ 77(75)%¢

Note: Means (+ SD) without the same lowercases indicate statistically
significant differences for seedling vigour index (P <0.05).

Conclusions

In conclusion, the results described here re-confirm that
priming improves the initial quality of Tall wheatgrass seeds.
The method of heat shock followed by priming also affects
the initial quality of primed seeds. As mentioned above, the
shock of 40 °C for 1 and 4 h was able to improve longevity
in primed seeds with BAP 25 ppm for 24 h. Although we
could not investigate the molecular dimensions of these
treatments, the similarity in induction methods for heat
tolerance in germinated seeds (or different plant organs)
and for longevity in primed seeds, suggests that the same
physiological mechanisms are involved. Future researches,
with more focus on validating heat shock effects on
storability of primed seeds, are therefore suggested. By
studying the physiological and molecular mechanisms
involved in these processes, a large number of questions can
be answered.
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