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Abstract: Tnsufficient seedling stand establishment is one of the major obstacles to achievement of winter
wheat (Triticum aestivum) potential vield. In the present study, seeds of eleven wheat cultivars differing in
drought resistance were subjected to hydropriming with distilled water and osmopriming with PEG 6000 for
12 h. Speed of emergence, vigor index and seedling dry weight were studied under two temperature conditions
at 11 and 18°C in plant growth incubators. Water stress started 15 Days After Sowing (DAS). As compared with
osmopriming, hydropriming clearly improved speed of emergence, vigor index and seedling diy weight. The
results were more evident at 11°C mdicating that hydropriming is more efficient for cold rather than temperate
area. At both temperatures, PEG treatment severely diminished above mentioned traits. At 11°C, drought
resistant cultivars i.e., Sardari, Agosta-Sefid, Azar 2 and Sabalan had higher seedlings diy weight as compared
with susceptible ones. Therefore, it is proposed that measurement of seedling dry weight may be a proper
approach for early screening of wheat drought resistant genotypes.

Key words: Priming, speed of emergence, vigor index, seedling dry weight, wheat

INTRODUCTION

Food shortage 13 one of the most serious global
problems in this century and hence to meet the expanding
food demands of the rapid growing world population,
crop grain production will need to mcrease (Punentel and
Pimentel, 2006). Considering its highest cultivation area
and amount of production amongst crops and being main
source of calories for people, wheat (Triticum aestivum)
is the most important and strategic cereals in most of
developing countries.

Insufficient stand establishment of winter wheat is
one of the major problems in the low-precipitation
(<300 mm annual) dryland region (Gir1 and Schillinger,
2003). Wheat seeds cultivated in this area often are
exposed to adverse environmental conditions such as
drought and cold stresses during germination and
seedling emergence. In recent decades interest has grown
i the use of primmg techmques to ensure rapid and
uniform seedling emergence and consequently, an
adequate stand establishment of vigorous plants which in
turn can affect the vyield and quality of final product.
Priming has been described as a preplant physiological
seed conditioning that can improve seed performance by

reducing the time to germination and seedling emergence
and also by mcreasing the tolerance of seeds to stress
conditions, such as lack of water and
temperatures (Caseiro et al., 2004).

Literature  well documents that physiological
and biochemical changes including early DNA replication,
increased RNA  and protein synthesis, increased
a-amylase activity, greater ATP availability and energy of
germination, faster embryo growth, repair of deteriorated
seed parts and reduced leakage of metabolites take place
during the seed priming which allow seeds to begin the
germination sequences before sowing and consecuently,
improve emergence (Ruan et of., 2002; Giri and Schillinger,
2003; Basra et al., 2005; Farcoq et al., 2006).

Among seed priming techniques, two broad classes
may be employed: hydropriming that uses only water in
the process of controlled imbibitions and Osmopriming,

adverse

which mvolves osmotic solutions to hydrate the seeds
(Case1wro et al., 2004). According to Hussam ef af. (2006)
hydropriming and osmopriming with NaCl are the most
promising priming techniques so that they decreased
mean emergence time and increased final emergence and
achene yield of hybrid sunflower. However, the way in
which the priming treatment is done may substantially
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influence the results. For instance, while seed priming
with PolyEthylene Glycol (PEG) had adverse effect on
shoot and root length of sunflower (Kayaa et al., 2006), it
was the most beneficial treatment to unprove asparagus
seeds performance (Bittencowrt et al., 2005). Generally, the
major effect of seed priming on seedling growth resulted
from earlier germination which gave the seedlings more
time to grow. It has been reported that wheat seed
hydropriming for less than 12 h is more effective than
other priming methods (Gir1 and Schillinger, 2003) so that
it can increase the rate and extent of emergence, improve
seedling vigor, advance flowerng and maturity and
increase yield (Harris, 2006). Seed priming with potassium
salts (1%) for 18 h increased wheat yield under dryland
condition (Paul and Choudhury, 1991). In India, seed
hydropriming of rice (Oryza sativa L.) improved seedling
emergence, green status and drought resistance in a field
(Harris et al., 1999). Ruan et af. (2002) reported that rice
seed priming treatments increased germination
percentage, emergence rate, seedling vigor and
establishment and reduced Mean Germination Time
(MGT) as compared with non primed seeds. Osmotic
solutions enable primed seeds to germinate in a lower
temperatire than non primed seeds do. According to
Bodsworth and Bewley (1981) PEG solution with-10 bar
osmotic potential at 10°C for two days had the most
positive effect on wheat seed germination at low
temperatures. Rice primed seeds with PEG had
significantly higher seedling vigor and cold resistance as
compared with non primed seeds (Qin and Zheng, 1994).
Giri and Schillinger (2003) found that priming treatments
enhanced emergence of the wheat cultivars with moderate
emergence capability but not the one with strong
emergence characteristics; therefore the effect of priming
treatments on wheat emergence may be cultivar
dependent.

The present study was therefore, carried out with the
objectives to evaluate the effect of two priming treatments
and temperatures on seed germination and seedling
growth and dry weight of wheat cultivars differing in
drought resistance under water stress and non-stress
conditions.

MATERIALS AND METHODS

Experimental site: The study was conducted at seed
control and registration lab of Gharizah research center,
Sanandaj, Iran in 2002. The experiment was laid out
factorial arranged in a Randomized Complete Block Design
(RCBD) with three replications.

Seed materials: Eleven wheat cultivars differing in
drought resistance (Sio-Se Mardeh et al., 2006) including

Alvand, Cross-Shahi, Mahdavi, M-75-7, Toos, Roushan-
Back cross, Glinson (drought susceptible cultivars),
Sardari, Sabalan, Agosta-Sefid and Azar 2 (drought
resistant ones) were employed. The initial seed moisture
content was 12.7% on dry weight basis.

Priming treatments:

*  Hydropriming: Seeds of each cultivar were placed in
Petri dishes containing two layers of filter paper and
distilled water at 10°C for 12 h.

¢+ Osmopriming. Seeds of each cultivar were primed in
-10 bar PEG 6000 calculated using the equation
developed by Michel and Kaufmann (1973) at
constant temperature of 10°C for 12 h.

Seed moisture content: To determine amount of imbibed
water by primed seeds, a portion of seeds from each Petri
dish were weighed just after priming treatments and
reweighed after dried, using an oven (75°C, for 48 h).
Percentage moisture content was expressed on a fresh
weight basis.

Mean germination time: Seeds (25 in each) were placed in
Petri dishes between layers of Whatman No. 2 moistened
with 10 mL of -10 bar PEG 6000 and distilled water as
control. Fungal diseases were controlled by adding
0.15% (a.i.) Captan to the solutions. Two germinators
(11 and 18°C) that were regulated at 16 h photoperiod and
80% relative humidity were used. Two millimeters growth
of coleoptiles was the criterion for germination. Following
formula estimated mean germination time:

MGT = 5T, N/EN,

where, N 13 the number of newly germmated seeds at time
T, (Alvarado et al., 1987).

Speed of emergence, seedling vigor index and
seedling dry weight. These traits were studied
under two temperatwes (11 and 18°C) using two
separate growth chambers. Considering number of
priming treatments (3), water regimes (2) and replications
(3), 36 boxes (50x30x6 c¢m) containing field soil equally
allocated between two growth chambers (18 for each) and
agamn in each growth chamber boxes were divided to two
sets of 9 for water stress and non stress treatments. All of
the eleven wheat cultivars were sown in each box with
3 cm row space and 2 cm depth. Day and night period
were kept 11 and 13 h with 27 and 22°C, respectively.
Relative humidity was mamtained at 70%. The numnber of
emerged seeds was recorded daily according to the
seedling evaluation in the Handbook of AOSA (1990).
Water stress started 15 DAS and continued till 25 DAS.

4044



FPak. J. Biol. Sci., 10 (22): 4043-4049, 2007

Speed of emergence was calculated using the
following formula (Dodlani et al., 1992):

Speed of
No. of seedlings emerged after 5 DAS 100

emergence = -
No. of seedling emerged after 11 DAS

Seedling vigor index was calculated after recording
the number of the seedling that had emerged by 5, 7, 9 and
11 DAS and using the following equation (Copeland,
1976): Seedling vigor mdex = (number of seedling
emerged/mumber of days of first count) + (number of
seedling emerged/number of days of second count) + ...
+ {(nmumber of seedling emergedmumber of days of last
count).

Seedling dry weight (mg seedling™") of each cultivar
was determined by drying normal seedlings obtained at
25DAS mman oven at 75°C for 48 h.

Statistical analysis: All percentage data were subjected
to arcsine transformation before analysis of variance
the PROC GLM procedure of
considered

was conducted by
SAS  (1999).
significantly different using TLSD wvalues at a 0.05
probability level.

Treatment means were

RESULTS AND DISCUSSION

Amount of imbibed water by hydroprimed and PEG
treated seeds across genotypes are demonstrated in
Fig. 1. On average, primed seeds with PEG and distilled
water imbibed 26.7 and 33.3% water based on fresh
welght, respectively. Thus PEG solution significantly
reduced seed water imbibition as compared with distilled
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water which is in confirmation with Kayaa et al. (2006)
who found that adverse effect of PEG on seed germination
were due to its osmotic effect. This was expected since
the lower water potential of the PEG solution should lead
to a lower rate of water uptake by seeds. As shown in
Fig. 1, seeds of four drought resistant cultivars ie.,
Sardari, Agosta-Sefid, Azar 2 and Sabalan imbibed more
water than drought susceptible ones in PEG solution
indicating the ability of resistant cultivars to absorb more
water than susceptible ones m low osmotic potential.
Thus, 1t could be concluded that one possible mechanism
of drought resistance is the higher ability of water
absorption by germinating seed, especially 1n
unfavorable conditions.

The results of priming treatments and temperatire on
seedling emergence are shown in Fig. 2. As can be seen,
emergence of primed seeds at 11°C with distilled water
commenced and maximized a day earlier than non primed
seeds which 1s in line with Dell-Aquila and Tritto (1990)
who had reported that primed seeds emerged 12 h earlier
than non primed seeds. This may be due to increase in
activity of enzymes such as a-amylase, protease and
lipase which have great role in break down of
macromolecules for growth and development of embryo
that ultimately resulted in early and higher seedling
emergence. However, although some primmg methods
enhance germination and emergence in the laboratory and
greenhouse, they may have limited practical values for
promoting seedling emergence wnder field condition
(Giri and Schillinger, 2003). At both temperatures,
hydroprimed and non primed seeds showed the same
pattern of seedling emergence with both higher final
numbers of emerged seedlings as compared with
osmopriming treatment.
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Fig. 1. Amount of imbibed water by hydroprimed (left) and PEG treated seeds (right) across genotypes
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Fig. 2: Seedling emergence pattern at 11°C (right) and 18°C (left) across cultivars (B) hydroprimed,(®), primed with PEG

and (&) non primed seeds

Speed of emergence and vigor index of non primed,
hydroprimed and PEG treated seeds at 11 and 18°C are
shown in Table 1. At 11°C, hydropriming markedly
mcreased speed of emergence and vigor index as
compared with non primed seeds, while it had less
positive effect on these traits at 18°C. The results of this
study 1mmply that hydropriming i1s more efficient for
seedling emergence and establishment at lower
temperature which is in confirmation with Akalehiywot
and Bewley (1977) who have reported that pnming 1s more
suitable for cold area. At both temperatures, seed priming
with PEG decreased speed of emergence and vigor index
as compared with non primed and hydroprimed seeds. It
has been reported by other investigators that
osmopriming is less effective method than hydropriming
for improving seed germination (Caseiro et af., 2004) and
MGT under both salt and drought stress conditions
(Kayaa et al, 2006). Although, Bodsworth and Bewley
(1981) remarked that -10 bar PEG is a suitable treatment for
wheat seed priming, considering the results of present
study, seed priming with -10 bar PEG 6000 at 10°C for
12 h 1s not proposed as a proper treatment for wheat seed
enhancement. Superiority of hydropriming on germination
may be because, hydroprimed seeds compared to PEG
treated seeds were allowed to imbibe more water (Fig. 1).
Further, the use of this chemical has some disadvantages
such as the reduction of oxygen concentration in the
solution due to the viscous nature of PEG which m tum
may has negative effects on both protein synthesis and
degradation and hamper respiration processes during
seed germination.

Regardless of priming treatments and temperatures,
drought resistant cultivars i.e., Sardari, Agosta-Sefid,
Azar 2 and Sabalan had less speed of emergence and
vigor index and more MGT as compared with drought
susceptible ones (Table 1). Therefore, drought resistance
of wheat cultivars may have no relation with MGT, speed
of emergence and seedling vigor index characteristics. Tt

has been reported by other mvestigators that seed
germination indices can not discriminate drought resistant
cultivars (Boulsmana and Schapaugh, 1984) and there is
no correlation between germination index and crop yield
(Hampson and Simpson, 1990). Hence, MGT, speed of
emergence and vigor index may be futile for screening of
drought resistant genotypes in wheat breeding programs
and even cultivar selection based on these indexes may
lead to early deletion of drought resistant lines.

Seedling dry weight of hydroprimed and non primed
cultivars on 25 DAS at 11 and 18°C under water stress and
non stress conditions are shown in Table 2. Seed priming
with PEG severely dimimished seedling dry weight.
Consequently, this treatment was omitted during seedling
dry weight evaluation. Tn general, water stress treatment
decreased seedling dry weight across genotypes.
Sadeghian and Yavari (2004) reported that seedling
growth severely diminished with drought stress and
genetic differences were found in sugar beet. At 11°C,
hydropriming treatment increased seedling dry weight of
15.3% under water stress condition across genotypes.
Thus, increase m seedling dry weight may be one of
reasons responsible for positive effects of hydropriming
on seed performance under adverse environmental
conditions. Nevertheless, reverse results were obtamed at
18°C indicating more efficiency of hydropriming in the
lower temperature as mentioned before. Regardless of
priming treatments and water regimes, seedlings dry
weight of drought resistant cultivars were higher than
those of susceptible ones at 11°C. Sardari and Azar 2
cultivars had the highest amount of hydroprimed seedling
dry weight at 11°C (Table 2). Spra et al. (1991) reported
that the higher seedling diy weight, the higher drought
resistant capability. Therefore, 1t i1s proposed that
measurement of seedling dry weight is a proper approach
for early screening of wheat drought resistant genotypes
which 1s in conformity with the finding of Boulsmana and
Schapaugh (1984) in soybean.
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Table 1: Mean Gemmination Time (MGT), speed of emergence and vigor index of non primed, hydroprimed and PEG treated seeds at 11 and 18°C

Speed of emergence (%6) Vigor index
MGT Primed Primed
--mmeme——-—  Non Non

Temperature Cultivar Control -9 bar primed Hydro primed PEG treated primed Hydro primed ~ PEG treated

11°C Alvand 241 3.18 16.8 30.0 9.8 2.94 4.57 2.05
Cross-shahi 212 2.71 18.8 35.0 9.5 332 4.74 2.51
Mahdavi 2.70 332 16.2 27.0 11.0 314 3.83 2.50
M-75-7 2.50 2.61 20.7 42.5 11.5 3.29 5.55 2.37
Toos 231 2.80 21.5 43.2 11.2 3.50 502 2.12
Roushan-back cross  2.32 3.4 17.1 29.6 91 322 4.26 2.18
Glinson 2.23 3.05 17.3 303 9.9 319 4.16 2.27
mean 237 2.95 18.3 339 10.2 322 4.59 2.28
Sabalan 2.71 2.89 11.7 281 9.2 2.20 4.16 1.98
Azar 2 242 2.4 14.7 28.0 10.0 2.59 4.40 2.13
Agosta-sefid 2.04 3.21 19.2 21.1 10.9 2.51 3.62 2.07
Sardar 2.82 347 23.8 324 10.6 3.49 4.56 2.55
mean 249 3.05 17.3 27.4 10.1 2.69 4.18 2.18
Total mean 241 2.99 18.0 31.5 10.2 3.03 4.44 2.25
LSDy s 043 0.35 9.0 15.0 3.0 1.04 1.38 0.27

18°C Alvand 3.20 4.12 63.4 75.5 43.8 6.42 7.4 4.74
Cross-Shahi 2.85 443 55.8 56.6 36.5 5.63 5.65 4.15
Mahdavi 3.22 4.80 55.5 57.9 21.5 5.68 5.68 3.23
M-75-7 3.21 4.50 59.2 67.8 29.1 5.97 6.74 3.79
Toos 3.14 4.21 62.7 67.0 27.2 6.21 6.74 3.63
Roushan-back cross  3.40 4.12 723 59.6 37.2 7.07 5.98 4.20
Glinson 311 5.03 47.7 46.4 39.3 4.92 4.73 4.33
mean 316 4.45 59.5 61.5 33.5 5.98 6.13 4.01
Sabalan 2.99 4.26 54.2 62.0 33.9 549 6.18 4.14
Azar 2 3.02 4.83 55.8 583 38.9 5.69 5.89 3.89
Agosta-Sefid 2.94 4.19 55.5 45.5 33.7 5.53 4.87 4.31
Sardar 3.94 4.87 51.0 511 26.0 5.38 5.12 3.49
mean 322 4.53 5.1 54.2 33.1 5.52 5.51 3.95
Total mean 3.18 4.48 57.5 59.0 334 581 591 3.99
LSDy s 0.36 0.47 13.2 16.4 15.0 1.23 1.38 1.35

Table 2: Seedling dry weight of wheat cultivars (mg seedling™) on 25 DAS at 11 and 18°C under Water Stress (WS) and non Stress (NS) conditions

11°C 18°C

Non primed Hydroprimed Non primed Hydroprimed
Cultivars NS WS NS WS NS WS NS WS
Alvand 13.0 8.2 14.2 8.0 19.9 12.8 15.9 11.7
Cross-shahi 10.6 6.6 11.8 6.9 20.0 11.7 19.7 12.6
Mahdavi 14.4 57 15.6 6.5 19.7 13.7 17.0 153
M-75-7 12.5 6.6 14.6 7.9 163 12.0 16.8 13.2
Toos 10.9 6.5 12.5 6.9 151 12.4 13.1 9.0
Roushan-back cross 9.1 4.7 11.0 58 21.0 13.7 15.7 13.7
Glinson 11.7 52 121 7.0 129 10.8 13.5 10.4
mean 11.7 0.2 13.0 7.0 17.8 124 15.9 12.2
Sabalan 13.8 8.7 14.2 83 163 13.5 16.6 12.6
Azar2 15.2 7.5 15.9 89 15.8 12.1 13.4 11.0
Agosta-sefid 12.9 0.4 14.9 7.0 123 12.1 14.9 11.0
Sardari 10.6 6.0 16.5 21 10.4 14.6 19.0 13.2
mean 13.1 7.1 153 83 152 13.0 15.9 11.9
Total mean 12.2 6.5 14.0 75 16.9 12.7 16.0 12.6
LSDqpsy, 2.3 1.3 3.3 1.1 4.2 2.6 5.7 3.2

CONCLUSIONS i lower temperatiwe. Lower MGT and enhanced

The data obtained here revealed that hydropriming
with distilled water 13 more efficient than osmopriming
with PEG solution for improving MGT, speed of
emergence, vigor index and seedling dry weight especially

germination index m treated seeds appear to be linked to
the efficient production and utilization of germination
metabolites and better genetic repair (1.e., earlier and faster
synthesis of DNA, RNA and proteins). In the present
study, improved seedling dry weight due to hydropriming
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may be explained by an increased seed water uptake and
rate of cell division and earlier start of seedling
emergence.

Hydropriming practically ensure rapid and umform
germination accompamed with low abnormal seedling
percentage and it has high potential in
field emergence and ensure early

improving
flowering and
harvest under stress conditions especially in dry areas.
Since its protocol is simple, cheap and dose not requires
expansive chemicals and sophisticated equipment,
hydropriming can be recommended to farmers to achieve
higher germination and uniform emergence, especially in
Mediterranean climate in which temperature is low during,
sowing time.
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