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Abstract: This study aimed to determine the effect of seed hydropriming on germination and seedling growth
of Tritictm durwm (duwum wheat: cultivar Karim ) and Hordetm vulgare (barley: cultivar Souihli), along with
its effect on 7. durum resistance to Fusarium culmorum seed infection. Seeds of Karim and Souihli were
hydroprimed mn distilled water at various time intervals till 9.5 h at 25 and 35°C in the dark. The results showed
that the pace of water uptake and seedling growth depends on the scaking time and temperature; however the
germination percentage depends only on the soaking time. Karim and Souihli seeds absorbed water very fast
for up to 30 min with a higher rate at 35°C in comparison to 25°C. Thereafter, a little change was observed in the
speed of water uptake for up to 9.5, with a little lugher rate at 35°C. The speed of emergence of radicle, coleoptile
and side roots and the seedling fresh weight were enhanced in comparison to the control at 5.5-6.5 h and at
3.5 h of seed hydration in Karim and Souihli, respectively. Hydropriming at 25°C gives better seedling fresh
weight in both cereals in comparison to 35°C. The water pre-treatment did not affect the level of seed
contamination by saprophytic fungi during germination. The hydroprimed Karim seeds inoculated with
F. culmorum showed an increase in seedling growth and a reduction m the percentage of infection in
comparison to non-hydroprimed seeds. This difference can be attributed in part to the enhanced germination

rate and seedling vigour of the hydroprimed seeds.
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INTRODUCTION

The kinetic and amount of seed germination and
seedling emergence had a great influence on crop stand
and production in arid and semi-arid area. Several
pre-sowing seed treatments were used to unprove the rate
and uniformity of gemmination in the field to increase crop
yield (Khan et al., 2008). Soaking seeds in water or in a
salt solution for a specified period of time and then re-dry
them just before radicle emerges, known as seed priming
(Desai et al., 1997), was successfully used to increase
germination and seedling emergence (Joudi and
Sharifzadeh, 2006, Amooaghaie, 2011). Seed priming
enhances the germination by inducing
biochemical changes such as breaking of dormancy,
hydrolysis or mobilization of inhibitors and enzyme
activation (Amooaghaie, 2011). The resulting improved
stand can increase the drought tolerance, reduce pest
damage and pathogen attack and mcrease crop yield in
cereals and legumes (Harris et al., 1999; Khan et al., 2005,
Amooaghaie, 2011). Seed priming with water
(hydropriming) in maize, rice, alfalfa, pinto bean and
chickpea resulted m faster seed emergence, improved
establishment, better crop growth, earlier flowering and

several
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high yield (Harris et al., 1999, Ghassemi-Golezani et al.,
2010). Rashid et al. (2006) noticed that presoaking of
barley seeds i water followed by drying back to its
original moisture level significantly increased yield of
both grain and straw in normal and saline soil
Hydropriming has been considered as a sumple and
cost-effective strategy to alleviate the NaCl and PEG
induced stresses in Brassica juncea (Shrivastava et al.,
2010).

Fusarium head blight (FHB) is among the most
important diseases of wheat (Goswami and Kistler, 2004).
The effects of FHB go beyond yield and kernel
quality reductions, as trichothecene mycotoxins
produced during infection contaminate raw grain and
processed wheat products (BEdwards et al., 2009), placing
human and livestock health at risk. FHB of wheat 1s
caused by a complex of Fusarium species
including F. graminearum, F. culmorum, F. avenacewm,
F. poae and F. sporotrichioides (Party et al., 1995). In
Tumsia, F. culmorum 1s the most prevalent species of the
FHB complex (Gargouri et al., 2001). Since cultural
measures, use of partially resistant cultivars and use of
fungicides provide only partial FHB control, alternative
control methods are being explored as an additional tool



Plant Pathol. J., 11 (3): 77-86, 2012

in the integrated management of this disease. Seed
priming can offer a promising method for the control of
plant pathogens through the induction of plant defence
systems (Worrall et al., 2012).

The objective of this research was to study the effect
of different soaking times and two temperatures of seed
treatment, on the speed of water uptake, germination and
seedling growth of two cereal species durum wheat and
barley. In addition, the hydropriming effect on durum
wheat resistance to Fusarium culmorum seed infection
was also worked out.

MATERIALS AND METHODS

Plant and fungal material: Seeds of the cultivars Karim
(durum wheat: Triticum durum L) and Southli (Barley:
Hordeum vulgare 1..)) were used free from chemical
treatments and were stored at room temperature. The
initial seed moisture level was about 10% for both cereal
species and the mass of thousand grains was 39.3 and
44.2 g for Karim and Souihli, respectively.

The stram FC3 of Fusarium culmorum used 1n this
study is a Tumsian duum wheat isolate kindly provided
by Dr. Samia Gragouri (INRAT, Tumsia). This 1solate was
maintained on PDA medium at 25°C in the dark. To
produce macrocomdia for the inoculation tests, the fimgal
isolate was cultwed on Joff's medium (Dhingra and
Sinclair, 1985) at 25°C in the dark for three weeks. This
study was conducted in the Laboratory of Molecular
Physiology of Plants between October 2010 and March
2012.

Water uptake, hydropriming and germination
procedures: The water uptake was measured by putting
known weights of undamaged and size umform seeds in
distilled water (pH 7) for 9.5 h at two temperatures 25°C
and 35°C in the dark. After different intervals of time, the
weight of the water absorbed by the seeds was
ascertained by removing the seeds from the water and
rapidly drying the surfaces and then weighing. The kinetic
of water uptake was monitored every 30 min for 4.5 h and
then after every 60 min till 9.5 h. The speed of water
uptake (SWU) was calculated as the difference between
the fresh weight of scaked seeds (SFW) and their mitial
dry weight (SDW) divided by the time of soaking (TS)
according to the equation:

SFW —SDW
TS

SWU =

and expressed as mg min~". After soaking, the seeds were
removed from water and were re-dried to original weight
with forced air under shade at 25°C. For germination,
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thirty five seeds were put with their grooves facing
downwards on two layers of sterile filter paper unbibed
with sterile distilled water (6 mL; pH 7) in square Petri
dishes (12x12 cm) at 25°C in the dark (Essemine et al.,
2007).

Fungal inoculation: Karim seeds were put for 3h
in  macrocomidia  suspension  of F. culmorum
{2x10° macroconidia mL ") supplemented with 0.01% of
Tween 20 (Sigma). The moculated seeds were placed in
square petri dishes on two layers of imbibed filter paper to
germinate as previously described.

Measured parameters and statistical analyses: The
germination of seeds was monitored each 24 huntil 72 h
by calculating the Mean Radicle Emergence Tine (MRET),
the mean side root emergence time (MSRET) and the mean
coleoptile emergence time (MCET) according to the
equations:

@ D) yerer -3 @2 D) g pepr -3 @ 2

MR xo. X
where, n,, n, and n ,are the numbers of seeds with
emerged radicle, side roots and coleoptile, respectively on
day D and D is the number of days counted from the
beginning of germination test. In addition, the length of
shoot (coleoptile+first leaf) and root were measured along
with the fresh weight of ten seedlings at 72 h Final
seedling length (SL = shoot+root lengths in cm) and
percentage of germination (FG%) were used for Vigowr
Index (VT) estimation according to Abdul-Baki and
Anderson (1973):

VI =FG%=SL

The percentage of seed contamination by
saprophytic fungal species (mainly of the genus
Alternaria) was determined. In the assay of resistance to
F. culmorum we also determined the percentage of seed
infection by this pathogen.

The analysis of wvarance (ANOVA) and the
comparison of means (Duncan multiple range test) of the
measured parameters were performed using Statistica
software version 5.1 (StatSoft, France). Correlations
between the measured parameters were estimated using
the same software by computing Pearson’s correlation
coefficient (R). The level of significance was set to 5%.

RESULTS

Effect of the soaking time and temperature on the speed
of water uptake: The variation in rate of water uptake was
significantly influenced by the Cereal Species (C3),
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soaking temperature (ST?) and soaking time (5t)
and their interactions, except for CSx=St interaction
(Table 1). For the two cereal species, the speed of water
uptake increases considerably until 30 min of imbibition in
water and then decline to reach a stable stage at 2.5 h
(Fig. 1). At 30 min of imbibition, the speed of water uptake
was higher in the Souihli seeds in comparison to Karim
seeds and 1t was superior at 35°C in comparison to 25°C

(Fig. 1).

14 4 (a) +Karim seeds at 25°C
-=Karim seeds at 35°C

Effect of the soaking time and temperature on the
germination percentage: The analysis of variance
showed a significant effect of the Cereal Species (CS), the
Soaking time (St) and the interactions of CS=ST® and ST*
x St on the percentage of seeds germination (Table 2). The
soaking temperature had no effect on the percentage of
seed germmation of Karim and Souihli seeds (Table 2).
The soaking time had no effect on the level of seed
contamination by saprophytic fungi mainly of the genus

18 q(b) +Souihli seeds at 25°C
16 =Souihli seeds at 35°C
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Fig. 1(a-b). Speed of water uptake of (a) Karim and (b) Sowhli seeds at different soaking times and under two

temperatire regimes

Table 1: Analysis of variance of the speed of water uptake of Karim and Souihli seeds

Effect Error

Effect df MS df MS F (%)
Cereal species (CS) 1 2.83 1077 120 3.10107¢ 0.27%%
Soaking temperature (ST) 1 116107 120 31010°% 11.00%%#
Soaking time (St) 14 8.68 1077 120 3.10107¢ B2 ] 5k
Interaction (CSxST*) 1 460107 120 3.1010°® 0.04
Tnteraction (C8=St) 14 2.8310°¢ 120 3.10107¢ 2.68%
Tnteraction (8T °=8t) 14 3.2110°¢ 120 3.10107¢ F.05% b
Interaction (CS=ST"x8t) 14 8.551077 120 3.1010°® Q.81 **

F: Index of Fisher-8nedecor, ns: Not significant (p=0.05), *8ignificant (0.05>p=0.01), **Highly significant (0.01=p=0.001), ***Very highly significant

(p<0.001)

Table 2: Analysis of variance of germination of hydroprimed Karim and Souihli seeds

Effects Error

Parameter Effect dff MS df MS F (%%)

Germination percentage Cereal species (C8) 1 4304.75 66 232.32 A3, 200
Soaking temperature (ST?) 1 14.99 66 232.32 0.15%
Soaking time (St) 10 702.60 06 232.32 TS
Interaction (CSxST*) 1 3759.07 66 232.32 37,7444
Tnteraction (C8=St) 10 400.64 06 232.32 4,022
Interaction (ST°xSt) 10 477.67 66 232.32 4.79%
Tnteraction (C8=ST?=St) 10 298.98 06 232.32 3.03%

Seedling fresh weight Cereal species (CS) 1 1.83 54 0.02 66,35% %+
Soaking ternperature (ST ) 1 0.44 54 0.02 15, Gk
Soaking time (S0 10 0.04 54 0.02 1.50%
Tnteraction (C8=ST?) 1 0.36 54 0.02 13,000y
Interaction (CSxSt) 10 0.02 54 0.02 1.03
Tnteraction (8T °=8t) 10 0.02 54 0.02 0.87
Interaction (CS=ST"xSt) 10 0.03 54 0.02 1.17

F: Index of Fisher-Snedecor in percent, ns: Not significant (p=>0.05), *Significant (0.05>p>0.01), **Highly significant (0.01>p>0.001), ***Very highly

significant (p<0.001)
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Fig. 2(a-b). Percentage of germination of hydroprimed (a) Karim and (b) Souihli seeds at different soaking times

Alternaria during germination (data not shown). An early
emergence of radicle, coleoptile and side roots of the
hydroprimed seeds in comparison to the control was
observed m both species (Fig. 2). For Kanm seeds, all
soaking times gave a superior percentage of germmation
1n the hydroprimed kernels in comparison to the control at
24h (Fig. 2), whereas for the Souihli kernels an increase in
this parameter was observed for the soaking times ranging
from 1.5 hto 8.5 h, with an optimal soaking time at 3.5 h
(Fig. 2). A slight increase in the percentage of seed
germination was noticed for the hydroprimed kernels of
durum wheat and barley at 72 h showing a sustained
development for the water pre-treated kernels. In addition,
the homogeneity of seed germination for the water
pre-treated kernels was better in comparison to the non
treated kernels. In fact, the Fig. 1 show large standard
errors for the germination percentage of the control seeds
in comparison to the water pre-treated seeds at the
optimal soaking time for Karim (Fig. 2).

Effect of the soaking time on the mean emergence time of
radicle, side roots and coleoptile: The mean emergence
time of radicle (MRET), side roots (MSRET ) and coleoptile
(MCET) varied significantly with the soaking time but not
with the soaking temperature (data not shown), thus only
MRET, RSRET and MCET at 25°C are presented in
Fig. 3. In control non-hydroprimed seeds MRET, MSRET
were significantly higher in Karim in comparison to
Southli, however the opposite was noticed for MCET
(Fig. 3). For Karim hydroprimed seeds MRET, MSRET and
MCET declined substantially from 0 to 6.5 h of imbibition
and slightly increase then after. For Souihli hydroprimed
seeds the previous parameters declined from Oto 3.5h
of imbibition and increased then after (Fig. 3).

Effect of the soaking time and temperature on seedling
growth and vigour index: The effect of hydropriming on
the seedling fresh weight was dependent on soaking time
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and temperature during this process (Table 2, Fig. 4). For
the Kanm cultivar, we demonstrated that plantlets derived
from soaked seeds between 5.5 and 6.5 h had a superior
fresh weight in comparison to the other water soaking
treatment and to the non treated control (Fig. 4). For the
barley cultivar Southli, an increase in the seedling fresh
weight was observed at the soaking time 3.5 h (Fig. 4). At
the optimal soaking times for the durum wheat and barley
cultivars a superior seedling fresh weight was obtained at
25°C during the water imbibition process in comparison to
35°C (Fig. 4.

The Fig. 5 shows the measure of the radicle,
coleoptile and seedling lengths at 72 h at different soaking
times for the two cereal species. The results revealed a
significant increase in the length of these organs in the
hydroprimed seeds in comparison to the control (Fig. 5).
Indeed, the water pre-treated Karim seeds (at 6.5 h)
showed an increase about 1.8 and 2.4 folds in the length
of radicle and coleoptile, respectively in comparison to the
control. In addition, the hydroprimed seeds of the Souihli
cultivar (at 3.5 h) recorded an increase about 1.7 and 3.9
folds in the radicle and coleoptile lengths respectively in
comparison non treated seeds (Fig. 5).

The vigow index of Karim and Souihli seedlings
varied function of the soaking time and reached a
maximum value at 5.5-6.5 for Kanm and at 3.5 h for Southli

(Fig, 6).

Correlations between the parameters of seed water
content, seed germination and seedling growth: The
correlations between the parameters of seed water
content, germination and seedling growth are presented
in Table 3. The seed water content was negatively
correlated to the mean emergence time of radicle,
coleoptile and side roots and positively correlated to the
coleoptile length in the duwrum wheat cultivar Karim.
However, this parameter was only negatively correlated to
the mean emergence time of coleoptile i the barley
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Fig. 3(a-c): (a) Means of radicle, (b) Side roots and (¢) Coleoptile emergence times of hydroprimed Karim and Souihli

seeds at different soaking times
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Fig. 4(a-b). Fresh weight of (a) Karim and (b) Souihli seedlings derived from hydroprimed seeds at different soaking

times and two temperatures

cultivar Souihli. The mean emergence time of radicle,
coleoptile and side roots were positively correlated to
each other and negatively correlated to the parameters of
seedling growth such as seedling length, fresh weight and
vigour index in the two cereal species. The parameter of
final germination percentage was positively correlated to
the seedling vigour in Karim and Souihli cultivars
(Table 3).

Seed hydropriming effect on durum wheat resistance to
F. culmorum seed infection: The results of the effect of
F. culmorum inoculation on germination and seedling
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growth of non- and hydroprimed Karim seeds are shown
in Table 4. The inoculated hydroprimed seeds showed an
increase in the percentage of germination at 24 and 48 hin
comparison to the inoculated non-hydroprimed seeds.
The mean emergence time of radicle, side roots and
coleoptile were significantly lower in the inoculated
hydroprimed seeds in comparison to the inoculated
control. Tn addition, seedling length, fresh weight and
vigowr were significantly higher in water pre-treated Karim
seeds. A decrease in the percentage of seed infection with
F. culmorum in hydroprimed seeds was observed in
comparison to non hydroprimed seeds (Table 4).
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hydroprimed seeds at different soaking times
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DISCUSSION

In the field, the rate of germination and emergence of
sown seeds affect the growth and yield of plants. In
addition, physiological characteristics of seed influence
plant resistance to biotic and abiotic stress conditions.
So, increasing seed performance constitutes a promising
way to enhance crop production and resistance to several
diseases. Hydropriming is a simple method of pre-sowing
seed treatment which does not require any particular
technical equipment, except the use of distilled water as
priming medium (Fujikura and Karssen, 1995). This study
mvestigated whether seed hydropriming can improve
germination and seedling growth in wheat and barley and
resistance of wheat to F. culmorum seed infection.
absorption and
activation of nutritive substances contamed in seeds,
which 1s required for the mitiation and completion of seed
germination. This study showed that the speed of water
uptake during imbibition was higher in barley in
comparison to durum wheat seeds (Fig. 1). Sunilarly,
Essemine ef al. (2007) found that the seed water

Imbibition consists in  water
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uptake differs between two wheat species (7. aestivum
and T. dwurum) at various temperatures. Rahman et al.
(2011) showed that the amount of water to be absorbed
for seed germination depends on species and varieties.
King (1984) found that water absorption by kernels of
different wheat varieties is conditioned by spike and grain
structre. The kinetic of water uptake by both cereal
seeds showed two phases. The fist phase was
characterized by a rapid and short lasting water uptake
during the first howr of imbibition, then after a second
phase characterized by slow and long lasting water uptake
was observed (Fig. 1). Accordingly, Bewley and Black
(1994) found that hard wheat seeds showed two phases
of water uptake, the first correspond to a rapid entry of
water into the apoplast and the second correspond to a
slow entry of water that transit through the cellular
membrane of seed. It has been also determined that the
rate of seed imbibition is temperature-dependent. The rate
of imbibition increases with increasing of temperature in
many crop seeds such as wheat (Essemine et af., 2007),
sorghum (Kader and Jutz, 2002), amaranth grain
(Resio et al., 2006), cowpea (Kaptso et al., 2008) and maize
and chickpea (Rahman e a/., 2011). Mwphy and Noland
(1982) showed that the temperature effect on seed
imbibition depends from the seed membrane properties
and water viscosity. Imbibition temperature did not
influence final germination percentage, but significantly
influences early seedling growth in durum wheat and
barley (Table 2). A better durum wheat and barley
seedling growth was obtained at moderate (25°C) in
comparison to high imbibition temperature (35°C). Booth
and Bai (1999) found that the seedling length of most
crops was favoured by imbibition temperatures between
20 and 30°C. In addition, increasing the soaking duration
of seeds 1.e., the seed water content did not influence the
final germination percentage, but it increased the speed of
emergence and length of coleoptile n durum wheat and
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barley (Table 3). Similarly, Mendez-Natera et al. (2008) did
not found any relationship between umbibition rate and
seed germination in maize, French bean and pigeon pea.
The evidence in the present study suggests an
umportant role of water pre-treatment of durum wheat and
barley seeds to enhance germination and seedling growth.
The optimal hydropriming time for wheat and barley seeds
were 5.5-6.5 and 3.5 h, respectively, which enhanced the
germination percentage, speed of
germination (MRET), induce an early development
(RSRET and MCET), increased the seedling fresh weight
and vigour at 23°C. Ahmadi et al. (2007) found that
hydropriming of wheat (Triticum aestivium) seeds clearly

decreased the

mnproved speed of emergence; vigour index and seedling
dry weight. Also, Joudi and Sharifzadeh (2006)
demonstrated that seeds hydropriming of three barley
cultivars mmproved germination percentage and rate,
length of coleoptiles and of the longest root, dry weight
of root and shoot as well as seed vigour index in control
and moisture limitation and low temperature conditions.
The effect of priming on improving seed performance
might be attributable in part to early DNA replication
(Bray et al., 1989), increased RNA and protein synthesis
(Fu et al., 1988), greater ATP availability (Mazor et al.,
1984), faster embryo growth (Chang et al., 2000), repair of
deteriorated seed parts (Karssen et al., 1989), reduced
leakage of metabolites (Ward and Powell, 1983), decreased
i lipid peroxidation and increased in the antioxidant
activities (Issam et al., 2012) compared with control. It was
also noted from this study that hydroprimed seeds had
better homogeneity in seed germimation. Our results are in
agreement with previous works that demonstrate that
hydropriming of the seed of several crops improves
uniformity of germination and emergence and enhance
plant establishment in the field (Harris et al, 1999,
Moradi and Younesi, 2009), which offer several benefits
for cereal growers to easy manage and harvest the crop.

This study demonstrated that water pre-treatment of
durum wheat and barley seeds had no effect on the
percentage of seed contamination with saprophytic fungi
mainly of the genus Alternaria (data not shown) during
germination. So, the hydropriming treatment will not
mcrease the risk of seed fungal contammation during
storage and will not distwb the antagonistic fungal
community that may control pathogens on the seed
surface. ITndeed, Mullenborn et al. (2008) demonstrated
that disturbing the saprophytic fungal community on the
wheat seeds treated with fungicides may lead to the
decrease of antagonistic fungi species which allow the
development of several pathogens that are not controlled
with the used fimgicide.
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This work constitutes the first report of the effect of
hydropriming on F. culmorum infection of durum wheat
seeds during germmation. The hydroprimed Karim seeds
showed a better percentage of germmation and seedling
growth and a decrease in the percentage of seed infection
in comparison to the non water-pretreated seeds at 3 day
post inoculation with F. culmorum. The observed
decrease of Fusarium infection in hydroprimed seeds can
be attributed in part to enhanced germination rate and
seedling vigour. Nevertheless, several works showed that
hydropriming of plant seeds altered the expression of
genes encoding regulated enzymes in the abscisic acid,
gibberellin  and ethylene biosynthetic  pathways
(Schwember and Bradford, 2010), which are known to
regulate plant response to biotic and abiotic stresses
(Anderson et al., 2004; Ban and Jones, 2009). In addition,
it was shown that hydroprimed seedling plants over
expressed the activity of antioxidant enzymes which
protect cells against the Reactive Oxygen Species (ROS)
damage associated to the pathogen infection of plant
tissues (De Gara et al, 2003, Djebali et al, 2007
Djebali et al., 2011).

In conclusion this work showed that hydropriming of
wheat and barley seeds enhance germination and early
seedling growth which determine a good stand
establishment and consequently a better yield. In
addition, we showed that hydroprining of wheat seeds
reduced the percentage of seed infection by F. culmorum
3 days post inoculation. The obtained results may be a
basis for improving biotic stress tolerance in plants and
particularly in cereals.
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