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ABSTRACT

Two factorial experiments were conducted to study the effect of grain priming
tretmenton two rice cultivars namely, Sakha 101 and Giza 178 on germination indices
under salinity (NaCl) or draught (PEG) condition at the same water potentials, The
treatments were done 4 times of hydro-priming 12, 24, 36 and 48 h. The osmotic
potential levels of 0.0, -4, -8 and -12 bar were induced by NaCl or PEG-6000. The
results showed that hydro-priming for 48 h caused significant improvement of
germination indices under water stress condition in comparison with other priming
treatments. Also NaCl or PEG, in general, inhibited the germination process as
reflected by a decrease in the germination percentage, root and shoot lengths as well
as fresh and dry weight. The studied rice cultivars Sakha 101 and Giza 178 and the
reduction was significantly higher in Sakhal0O1l compared to Gizal78. It could be
concluded that Giza 178 proved to be more tolerant against drought and salt stress
conditions than Sakha 101. In addition, germination process and seedling growth may
be enhanced by priming rice grains in water for48 h.

Keywords:rice, salinity (NaCl), draught (PEG), duration, iso-osmotic
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INTRODUCTION

Water stress due to drought and salinity is probably the most significant
abiotic factor limiting plant and also crop growth and development. Salinity
and drought stresses are physiologically related, because both induce
osmotic stress and most of the metabolic responses of the affected plants are
similar to some extent. Seed germination of many crops is the most sensitive
stage to water deficit, which delay and reduction of germination and seedling
growth and increase abnormal seedling development especially in the arid
and semi-arid regions. Egypt is the driest country and placed in an arid and
semi arid region and its average annual rainfall is low ((<25 mm annual
rainfall).Many investigators have been used NaCl and Polyethylene glycol
(PEG) compounds to simulate osmotic stress effects in Petri dish (in vitro) for
plants to maintain uniform water potential throughout the experimental period
(Kulkarni and Deshpande, 2007). Different techniques could be used to
enhance crop yield, particularly under adverse environmental conditions. One
of the simple technigues which can improve seedling establishment and
consequently crop performance is seed priming. Seed priming in water
reduce the time between sowing, improve germination uniformity and
seedling establishment(Ashraf and Foolad, 2005; Farooq et al, 2006) and
also to minimize abiotic stresses during germination in wheat (Basra et al.,
2003; Rajpar Ahmadi et al., 2006; Yari et al., 2010), maize (Basra et al., 2004
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and Moradi et al., 2008), and rice (Basra et al., 2004, 2005; Farooq et al.,
2005. 2009 and Kaymak et al. 2009) .In general, seed priming is a pre-
sowing seed treatment in which seeds are soaked in water and dried back to
storage moisture contents until further use. (Ghassemi-Golezani et al, 2008
and 2013) indicated that positive effects of seed priming on seed invigoration
depended on priming duration.

Rice (Oryza sativa L.), the staple food of more than half of the
population of the world, is an important target to provide food security and
livelihoods for millions. Rice is considered sensitive specie to the several
abiotic stresses mainly during seed germination (Van Heerden and Kruger,
2002). The germination stage is so important because it affects the seedling
establishment, plant density and subsequently the ultimate crop yield, so it's
very important to have the seeds with high germination ability at unfavorable
environmental conditions (El- Keblawy and Al-Rawai, 2005). The main
objective of this study was to evaluate the effect of water priming on
germination seedling growth of two rice cultivars (‘Sakha 101’ and ‘Giza 178’)
under salinity (NaCl) and drought (PEG) stress (at the same osmotic
potentials) and find out most favourable condition for grain water priming.

MATERIALS AND METHODS

Two independent experiments were conducted at the Laboratory of
the Department of Agricultural Botany, Faculty of Agriculture, Mansoura
University, Egypt during the growing season .The grains of two rice (Oryza
sativa L) cultivars namely, Sakha 101 and Giza 178 were obtained from the
Agricultural Research Centre in Giza, Egypt.

Drought treatment: An external osmotic (PEG6000) polyethylene glycol of
Sigma Chemical Company, USA was used to create an artificial drought
stress. Osmotic solution of PEG was prepared by using of 161, 481 and 302
g was dissolved in liter of distilled water separately to create three drought
stresses -4,- 8 and-12 bar, respectively

Salinity treatment; Sodium Chloride (NaCl) obtained from EL-Gomhoria
Co., Egypt and was used to create salinity stress. NaCl concentrations had
the electrical conductivity (EC) values of 12.3, 17.4 and 21.8 dSm™,
respectively. Referred osmotic potential of NaCl solution (-4, - 8 and-12 bar)
were prepared by using of 5.25, 10.5 and 15.75 g of NaCl per liter in distilled
water to create three salinity stress, respectively.

To determine the optimal time duration for rice grains priming, a
homogenous lot, healthy and uniform size, of rice grains for two cultivars
(‘Sakha 101’ and ‘Giza 178’) and before the start of experiment grains, were
surface sterilized by soaking in 1.0% (v/v) sodium hypochlorite solution for 3
min for surface sterilization, Residual chlorine was eliminated by thorough
washing of seeds with distilled water. Then, every cultivar sample was
divided into four sub-samples. The sub-samples were soaked in distilled
water at 30°C for 12, 48, 36 and 48 h (The quantity of water used 600 grains
into liter of water).Soaking treatments were started from longer to shorter
incubation periods and seeds were finally removed from water at the same
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time. Thereafter, seeds surface moisture was removed with blotting paper
and the grains were air-dried to attain initial grain weight before sub- merging
in water. Then, every group divided into seven sub-groups. The treated
grains (25) were transferred to sterile Petri dishes (11 cm diameter)
containing two layers of the filter papers (Whitman No. 1). The solution of
10mL containing different concentrations of PEG or NaCl was added
separately in each Petri dish. Grains of both rice cultivars allowed to
germinating at about 25+2C in the dark. Petri dishes tightly sealed with the
impermeable colorless film in order to avoid water losses during the

incubation. Thiram was added to the solutions at a concentration of 0.2%

(w/v) to control the fungi infection. Grains considered to have germinated

when shoot extended to more than 2mm from the grains. After 10 days final

germination, seedlings were harvested and washed with tap water. This
experiment was carried out as factorial design on completely randomized
design. The treatments included two osmotic solutions (NaCl and PEG), four

osmotic potentials (0,-4, -8 and -12 bar) and four hydro-primed durations (12,

48, 36 and 48 hour) with three replications and 25 grains per replicate. Data

on the following parameters were recorded.

1) Germination percentage: was recorded on the 10" day after sowing and
calculated using the formula Germination percentage (%) = Number of
germinated grains / Number of total grains x 100

2) Seedling vigor: was calculated using the formula according to following
formula (Abdul-Baki & Anderson, 1970):

Seedling vigor index = Germination percentage xSeedling length (cm) /100

3) Seedling Growth Measurements:

Shoot and root lengths (mm) were measured on ten seedlings randomly

taken from each replicate and the mean length of seedlings was calculated.

Shoot and root fresh weights (mg) were measured on ten seedlings

randomly taken from each replicate (The harvested plants were partitioned

into roots and shoots).

Shoot and root dry weights (mg) were measured using the same seedlings

taken for the determination of fresh weight where placed in paper bags and

dried at 80°C until constant weight in an oven, then the plant parts were
weighed again.

Statistical analysis: The obtained data were subjected to statistical analysis

of variance according to Gomez and Gomez (1984),

RESULTS AND DISCUSSION

1. Germination Percentage (%):

Data in Table (1) revealed that rice grain priming had significant positive
effect on germination percentage and germination vigor index with increasing
the duration time. The highest germination percentages obtained for grains
primed in distilled water for 48 hours duration compared with grains primed
for 12, 24 and 36 h. The lowest were obtained for grains hydroprimed with 12
hours duration. While, cultivars had different response to the duration,
Sakhal01 was significantly reduced compared to Gizal78(Platel). In control,
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seed germination percentage varied between 53 % in SakhalOl and 75 %
in Gizal78. These findings support the work previously reported by Farooq
et al., 2006).They found that maximum vigour enhancement as indicated by
high germination and seedling vigour was noted in seeds hydroprimed for 48
h which was followed by that of 36 h in both rice types.

Table 1: Effects of hydropriming duration times on seed germination of
two rice cultivars

S | e - Seedling F.W Seedling D.W
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%E 24 [59.22 4.97| 4.28 |3.72|8.00|292.1 | 263.8 | 555.8 | 28.56 | 22.77 48.07
.5 ~ 36 [65.65|5.71| 4.42 [3.88|8.30|317.7|268.2|585.9| 28.96 |24.76 53.71

48 |72.547.52 | 5.52 [4.28|9.80|341.8 |277.6619.4| 30.55 | 25.9 56.44
Mean |64.14|5.78| 4.64 |3.87(8.52|317.7|264.5]|582.2| 29.09 |24.20| 51.46
12 [36.64 |2.91| 3.87 |3.46|7.33|238.3|214.3|452.6| 17.23 |18.25 Y.y
24 139.56 3.05| 3.76 [3.29|7.05|241.0|221.1 |462.1| 16.01 |18.45| 32.17
36 |43.95|3.37| 3.84 [3.26|7.11|244.0|216.8 |460.8 | 16.75 |18.14| 34.89
48 [48.30|4.00| 4.22 |3.52|7.74|267.8 | 242.4|510.2| 19.68 | 20.34| 40.03
Mean8 [42.11|3.33| 3.92 |3.38|7.30|247.7223.6 |471.4| 17.41 |18.79| 35.02
Mean [53.12|4.56| 4.28 |3.62|7.91|282.7|244.1|526.8 | 23.25 |21.49| 43.24
LS| A | 1.06 |0.26]| 0.12 |0.16|0.22]| 4.7 | 211 | 413 | 125 | 1.22 2.31
D| B |114 043|032 |0.36|0.27| 59 | 221 | 525 | 143 | 112 2.17
5% | A*b | 1.63 |0.56| 0.41 |0.48|0.44| 7.8 | 434 | 721 | 256 | 2.42 4.91

Similarly, Basra et al., (2002) found that wheat seeds responded to different
presowing seed treatments with hydropriming for 48 h showing the maximum
invigoration followed by hydropriming for 24 h. In addition, Yari and Sheidaie
(2011) found that all seed priming treatments improved rice germination and
the highest percentage germination and the best speed of germination were
observed on the treatment of 48h duration. Kumar et al. (2002) found the
maximum length of time for which seed should be soaked and exceeding it
could be harmful to the seed or seedling and recommended safe limits for
maize and rice, chickpea and pearl millet were 24 h, 10 h and 8 h,
respectively. Moreover, Ghassemi-Golezani et al. (2008) indicated that
positive effects of seed priming on seed invigoration depended on priming
duration and showed that hydro-priming of chickpea seeds for 8, 16 and 48
hours enhanced seedling emergence, but the best improvement was
achieved with 16 hours priming duration. The observations of Parera and
Cantliffe, (1994 ) found that the success of seed priming is influenced by the
complex interaction of factors including plant species, water potentiality of
priming agent, duration of priming, temperature, seed vigor and storage
conditions of the primed seed. Harris et al. (2001) who reported that wheat
seed soaking in tap water overnight resulted in earlier. There are numerous
studies reported optimal times of hydro-priming were 7 h for pinto bean
(Ghassemi-Golezani et al, 2010), 12 h for chickpea(Ghassemi-golezani et al,
2013), 18 h for maize (Mir Mahmoodi et al, 2011) ,16 h for mung-
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bean(Golezani et al.,2014)and 48 h in wheat (Nayyar et al., 1995), and maize
(Afzal et al., 2002). The increase in germination might be attributed to
premobilization of seed reserves during

Table 2: Effects of sodium chloride (NaCl) or polyethylene glycol
(PEG6000) on seed germination of rice
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46.45 |20.77|25.68|527.2|1212.4|314.7| 7.48 | 3.73 | 3.74 |4.82|53.92
-12 1 29.36 |12.25|16.61|343.9|146.9]/197.0| 5.70 | 2.34 | 2.36 |1.92|36.34
Mean | 47.31 [22.33]|26.32|532.3|232.5|299.7| 7.89 | 3.55 | 4.00 |4.99|55.99
-4 |1 41.85 |20.79|21.26|538.5|309.2|229.3| 9.39 | 4.25 | 5.14 |6.83|56.49
-8 |31.76 |18.84|15.07|430.8|215.8] 215 | 7.55 [ 3.65 | 3.9 |4.69|52.65
-12 1 24.41 |112.09]11.96|294.6|142.3]|152.3| 5.32 | 2.40 | 2.92 |2.37|33.26
Mean | 32.67 [17.24]|16.09|421.3|222.4|198.8| 7.42 | 3.43 | 3.98 |4.63|47.46
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D5| B 114 [ 043|0.32]0.36|0.27 | 59 |221|525|143]|112|2.17
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the priming period(Job et al., 2000) and/or increased metabolic activities
(Basra et al., 2002) and/or absorption of water increases the leakage of
electrolytes, sugars, and amino acids (Ghassemi-Golezani et al., 2010a) and
pre-organization of membrane structures (Bewley and Black, 1982),
accelerate endosperm analysis by higher hydrolase activities (Bradford et al.,
2000) and/or affects the lag phase and causes early DNA replication (Bray et
al. 1983), increased RNA and protein synthesis (Fu et al. 1988) and/or
greater ATP availability (Mazor et al. 1984) and/or completion of pre-
germination metabolic activities during seed priming, making the seed ready
for soon germination after planting (Sadeghi et al. 2011) and/or the embryo
expands and compresses the endosperm during priming (Liptay and Zaiffa,
1993) and/or priming are associated with the repairing and building up of
nucleic acids, increased synthesis of proteins as well as the repairing of
membranes and faster water uptake and earlier initiation of metabolism
processes (Farooq et al, 2007; Kant et al, 2006) and enhances the activities
of anti-oxidative enzymes in treated seeds ( Wang et al., 2003; Hsu et al.,
2003) and/or hydrolysis of ABA (Ajouri et al., 2004), it presence in the seed
does not affect the osmotic potential and/or water uptake ability of the
embryonic axes (Bewley, and Black 1994). but leads to the inhibition of
radicle extension in the embryo germinating and ABA has antagonistic effects
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on GA activities, it is responsible for the synthesis of various hydrolytic
enzymes involved in the mobilization of endosperm reserves (Jacobsen et al.,
1995 ) and inhibited activity of GA that suppress the synthesis of amylase
enzymes in germinating seeds (Gomez-Cadenas et al., 2001). It plays an
important role in hydrolyzing the endosperm starch in to sugars as energy
source for the newly developing shoot and roots (Kaneko et al., 2002). and/or
pre-soaking of seeds causes the hydrolysis of ABA together with the leaching
of other germination inhibitors like coumarin and phenolic compounds from
the seed into solution (Hopkins, 1995).Therefore, seed priming might result in
diminishing the antagonistic effect of ABA on GA activity during the
germination process and/or .during imbibitions, the position of certain fatty
acids associated with seed dormancy is changed and does not reverse on
drying (Bewley and Black, 1982). Hence, in the process of seed priming, all
the necessary physiological and biochemical changes occurred in the seeds
during the
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Plate (1) :Effect of priming duration time on germination%
and seedling growth of rice cultivars Sakha 101 and
Giza 178
the priming period persist upon drying. Therefore, when a primed seed is
sown, a small uptake of water can already stimulates the radicle emergence.
Instead, an unprimed seed has to go through all the phases of seed
germination after sowing under stress conditions, which is a possible reason
for lower germination rate and seedling growth compared to primed seeds. In
addition, although imbibition is vital for re-constitution of biomembranes,
activation of enzymes, mobilization of storage compounds and protein
synthesis in the seed, it can also induce imbibitions damage, particularly
when water is taken up rapidly.

In the present study, it was observed that seed germination percentage
and germination vigor index of both cultivars were reduced with increasing
NaCl or PEG concentrations (decreasing water potentials of the media).
However, increased NaCl or PEG concentration in the media led to the
greatest decrease in germination percentage .Although, the cultivars
responded differently to each of NaCl and PEG concentration, Gizal78
showed better germination percentage compared to Sakha 101. Moreover,
the highest germination percentages were recorded for seeds primed for
duration of 48 h . At the highest NaCl or PEG concentration (-12 bar), the
maximum germination percentage was observed in “Giza178"cultivar (45-
46%) and the lowest one in" Sakha 101" cultivar (27-19%), respectively.
Gizal78 cultivar demonstrated better tolerance to drought or salt stress than
Sakha 101 cultivar for germination percentage. Many investigators have been
used NaCl and PEG to determine the effect of salt and drought stresses on
seed germination of wheat (Almansouri et al., 2001) and rice (Ageel Ahmad
et al.,, 2007).They concluded that salinity and draught inhibited the
germination percentages by causing a complete inhibition of the enzyme
germination process or delaying the germination of seeds but do not prevent
germination.

According to the results the minimum osmotic potential of NaCl or PEG
levels (-4 bar) increasing rice germination percentage more than 75% was
observed in Giza 178 cultivar, whereas in cultivar Sakhal01 64%. compared
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to the control, whereas decreased gradually with decreasing osmotic
potentials of the media (NaCl or PEG). Similar trend in reduction of
germination percentage was also observed at osmotic potential of -8 bars
and the great reduction of germination was less than 50%, occurred under
high level of NaCl or PEG -12 bars, germination was less than 50% for the
two studied rice cultivars. The results are in line with Almansouri et al., (2001)
reported that moderate stress intensities only delayed germination; whereas
the highest concentration of NaCl and PEG reduced final germination
percentages. The inhibition germination of rice grains under conditions of
NaCl and PEG stress may be related to the reduction in water absorption into
seeds water uptake of seedlings (Chartzoulakis and Klapaki ,2000) and
inhibits the mobilization of the seed reserves to the growing embryonic axis
(Khayatnezhad and Gholamin, 2011) and reduction in the seeds water
content due to low media water potential decreases the activity of hydrolytic
enzymes such as alphaamylase, proteases and lipases which are
responsible in hydrolyzing cotyledons and thus results in lower seed
germination rate (Zayed and Zeid, 1998). In addition, the effects of NaCl
was less on germination at the same osmotic potentials compared to PEG
possibly due to the uptake of Na+ and CI- ions by the seed, maintaining a
water potential gradient allowing water uptake during seed germination
(Garg,2010) and with no toxicity effect of PEG (Khajeh-Hosseini et al., 2003)
and the lowest germination percentage obtained from PEG compared with
NaCl suggests that adverse effects of PEG on germination were due to
osmotic effect rather than specific ion accumulation (Foolad and Lin ,1997)
and the PEG molecules did not enter the seed and hence once water
potential of the seed and around were in equilibrium the seed would not
continue to imbibe (Mehra, 2003). These results agree with those given by
Murillo-Amador (2002) who observed that NaCl had a lesser effect on the
germination and seedling growth of cowpea than did PEG. Sadeghian and
Yavari (2004) stated that the lower mean germination time in sugar beet by
NaCl, at the same water potential, than in PEG could be explained by more
rapid water uptake in NaCl solutions. Moreover, Khajeh- Hosseini et al.,
(2003) found faster germination in NaCl in soybean and at the same water
potential, the higher final germination in NaCl than in PEG could be explained
by more rapid water uptake in NaCl solutions and achievement of a moisture
content that allowed germination.
2- Seedling growth

Data in Table (2) revealed that rice grain hydropriming had significant
positive effect on seedling growth (seedling length as well as fresh and dry
weight) with increasing the duration time. The maximum root and shoot
lengths were noted in seeds hydroprimed for 48 h. Minimum root and shoot
length were observed in seeds hydroprimed for 12 h. All other seed
treatments resulted in higher root and shoot length (table 2). All treatments,
except hydropriming for 12 h, resulted in higher seedling fresh and dry
weight (tables 3, 4). Maximum seedling fresh and dry weight was recorded
from seeds hydroprimed for 48 h with similar values for seeds hydroprimed
for 36 h (table 2). These findings support the earlier work observed following
hydropriming for 48 h in wheat (Basra et al., 2002; Nayyar et al., 1995),
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maize and gourd seeds( Afzal et al., 2002). This might be attributed to
increased metabolic activities in the hydroprimed seeds (Basra et al., 2002).
Hydropriming treatments enhanced the seedling vigour as indicated by root
and shoot length and seedling fresh and dry weights (tables 3, 4). Enhanced
replication in root tips has also been reported by hydropriming (Bose and
Mishra 1992).

Data in Tables (2-4) revealed that low levels of osmotic potentials
(NaCl or PEG) -4ba, in most cases, did not show any significantly in
seedling growth (seedling length as well as fresh and dry weight). While, this
parameter was significant decreased at -8 bar of water potential and the
decrease was frequently dependent on NaCl and PEG concentration. The
results are in agreement with the observations of Bahaji, et al., (2002) and
Azooz et al.,( 2004).Moreover, the same data revealed that rice grain priming
had significant positive effect on seedling growth and the highest seedling
growth obtained for seeds primed in distilled water 48 or 36 hours duration.
The lower seedling growth was obtained for seeds hydroprimed with24 or 12
hours duration ( Tables: 2). The reduced seedling growth under stress
conditions could be attributed to the physiological drought induced by the low
water potential of the solution and osmotic adjustments in plants as a result of
increased ionic concentration in their cells, which result in deformation of
macromolecules by disrupting their shell or bound water (Schwarz, 1985).The
decrease in seedling growth is caused by a diversion of the plant assimilates
from growth to maintenance, e.g. to meet the higher energy requirement of
various mechanisms involved in adjustment to unfavorable ionic conditions to
unfavorable ionic conditions (Helal and Mengel, 1981) or for
compartmentation secretion and repair of cellular damage used by high
salinity (Penning de Vries, 1975). Moreover, the effect earlier investigations
(Abraham and Kiran, 2003 and Silva et al., 2003) of salinity on plant growth
is complex syndrome that involves osmotic stress, ion toxicity and mineral
deficiency (Munns, et al.,2000), ion imbalance, hormonal imbalance or a
combination of these factors (Kurth, et al.,1986).

In addition, the seedling growth of the two studied cultivar responded
differently with solutions and doses, Giza 178 cultivar showed the highest
seedling growth compared to cultivar SakhalO1l under the same level of
water potential . It seems that the effect of cultivar was more obvious than
hydropriming duration time as compared to osmotic potentials. And also
turning point of hydropriming positive effect was more than the level of
osmotic potentials. It means that for hydropriming rice seeds at higher
osmotic potentials, time of hydropriming must be almost 48 hours not higher.
Furthermore, hydro priming resulted in increase of normal germination.
Results showed that the effect of hydro on germination percentage of rice
was significant. Hydropriming clearly improved rate of germination and mean
germination time under salt stress conditions. Furthermore, hydropriming
resulted in increase of normal germination percentage (Redy and Vora,
1983). The efficiency of seed hydro-priming for better seedling establishment,
also reported in barley, lentil and chickpea (Chinusamy et al. 2006).
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The positive effect of priming probably due to increase in the number and/or
size of the cell. Although, there is no known relationship between cell division
and seed priming in rice, but replicative DNA synthesis in radicle meristem
nuclei often occurs in tomato during seed priming, although this is not
essential to advance germination. In addition, hydropriming improved the
seedling growth (seedling length, fresh and dry weight ) of rice cultivars under
drought and salinity stress. However hydropriming had better effects under
drought stress (PEG) up to -8 bars osmotic potential, due to more increase in
seedling growth in the two studied cultivars. Meanwhile the cultivar Gizal78
showed a better response to hydropriming treatment than SakhalO1 cultivar.
Generally, priming time and cultivar interaction had significant effect on
seedling growth (seedling length, fresh and dry weight) and the highest
values were obtained from water treatments in priming times of 48 h and 36 h
compared with others. In addition, seedling shoot length under PEG resulted
to a greater than NaCl under the same level of water potential. Inhibition of
NaCl was less than that of PEG.

In conclusion, the obtained results of the present study revealed that
osmotic potentials by NaCl or PEG in general inhibited the germination and
decreased the germination percentage, root and shoot lengths as well as
fresh and dry weight of rice cultivars Sakha 101 and Giza 178. This reduction
was significantly higher for Sakhal01 as compared to Gizal78. It seems that
Giza 178 under drought and salt stress conditions showed more tolerance
than Sakha 10land can be enhanced germination and seedling growth by
priming rice grains for 48 h in water. It could be suggested that more
experiments are necessary to be carried out on such cultivars to determine
the effect of different priming treatments on germination seedling growth
under drought and salinity stress and find out the suitable Chemicals required
for the same purepose.
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