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Seed priming was used to reinforcement of barley seedling growth under water deficit stress in
a greenhouse condition. Barley seeds were primed with humic acid, Pseudomonas Spp.,
Marmarin, distilled water (hydropriming) and none (as control) under four levels of water
deficit stress (irrigation at 20 (I,), 40 (lI,), 60 (Is) and 80% (l,) field capacity). Results indicated
that all measured parameters were decreased with increasing the stress levels, except root
length and root-shoot ratio. The highest value of root length (18.42 cm) and root-shoot ratio
(2.84) was obtained in the |, irrigation regime. However, |,, I and |, irrigation regimes did not
significantly affect on barley seedling traits, but I, irrigation regime exhibited better growth.
Seed priming with Pseudomonas affected root length, root and shoot dry weight, plant height
and SPAD, significantly. Seed priming with Marmarin showed best results on SPAD. The
maximum (0.37 g/plant) shoot dry weight was obtained from |, irrigation regime with
hydropriming treatment. Whereas, the lowest shoot dry weight (0.14 g/plant) was observed in
I, irrigation regimes in control condition. Hydropriming shows better response in root length,
root and shoot and plant height and was equal with Pseudomonas, so it could be considered as
a suitable substitute in organic agricultural systems.
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Plant growth, development and production are
affected by natural stresses in the form of biotic
and abiotic stresses such as drought, salinity and
freezing, inversely (Abdalla and Elkhoshiban, 2007).
Water deficit and salt stresses are global issues to
ensure survival of agricultural crops and sustainable
food production (Jaleel et al, 2007). With
increasing drought stress, water availability

decreases, changing the percentage and velocity of

germination and growth of seedlings adversely
(Kaya et al, 2006). seedling growth and
establishment (Gamze et al., 2005), root/shoot
ratio and root length at early stages of plant growth
(Dhanda et al, 2004) and survival of wheat
seedlings after desiccation have been suggested as
useful traits for improving vyield under dry

conditions.
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Barley (Hordeum vulgare L.) is one of the most
widely grown crops in arid and semiarid regions of
the world. The seed of barley shows a delayed or
reduced germination when the water potential of
surrounding medium decreases (Tabatabaei, 2013).
The improved seed performance could be
attributed partially to osmotic adjustment,
metabolic repair processes or a buildup of
germination

metabolites during treatments

(Haghpanah et al., 2009).

Priming is one of the effective strategies to
overcome drought stress (Yagmur and Kaydan,
2008). Seed priming techniques such as
hydropriming, hardening, osmo-conditioning,
osmo- hardening, and hormonal priming have been
used to accelerate emergence of roots and shoots,
more vigorous plants, and better drought tolerance
in many field crops like wheat (lgbal and Ashraf,
2007), chickpea (Kaur et al., 2002), sunflower (Kaya
et al., 2006) and cotton (Casenave and Toselli,
2007). Nutrient priming has been proposed as a
novel technique that combines the positive effects
of seed priming with an improved nutrient supply
(Al Mudaris and Jutzi, 1999). In nutrient priming,
seeds are pretreated (primed) in solutions
containing the limiting nutrients instead of being
soaked simply in water. Bio-priming affects growth
rate by increasing the solubility of minerals in soil

and absorption of nutrition by barley root (De

Freitas and Germida, 1990).

Earlier researchers (Afzal et al., 2005; Basra et
al., 2006; Roy and Srivastava, 2000) suggested that
the adverse and depressive effects of water stress
on germination can be alleviated by various seed
priming treatments. Therefore, the aim of this
study was to evaluate the effect of seed priming
with water, and new sources of materials such as

Marmarin, Humic acid and Pseudomonas in order to
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achieve an effective solution for optimizing the
plant seedling growth and establishment under
limited water condition in the arid and semi-arid

areas.
MATERIALS AND METHODS

The experiment was conducted as factorial
based on completely randomized design with three
replications, under greenhouse conditions, in Urmia
University (39°59'N and 50°75°E), Iran during 2011.
Seed priming (without priming, hydropriming,
priming with Marmarin, Humic acid and
Pseudomonas Spp.) and water deficit stress
(irrigation at 20(1,), 40(l,), 60(ls) and 80% (l,) of field
capacity) were set as experimental treatments.
Daily and night temperatures of greenhouse were

maintained at 20 and 15 °C, respectively.

Humic acid (Humax®, JH Biotech, Inc., Ventura,
CA) contains of 12 % humic acid, 3 % folic acid, and
3 % K,0. Humic acid were applied according to
factory recommendations (5 g per lit). Marmarin,
contains Organic matter 20-22 %, Growth regulator
(Cytokinin) 400 ppm and total amino acid 6.5 %
(w/v). Seeds were placed in the mentioned liquid
priming media at 252C for 8 hour in the dark. Seeds
were covered with plastic bags to refuse moisture
loss. After soaking, seeds were washed with
distilled water, and dry in the incubator at 252C in

the dark.

In each priming and water treatment, each
replication was represented by five plants. Five
barley seeds (Hordeum vulgare cv. Valfajer) were
sown in each PVC pots (10 cm diameter x 20cm
length) were filled with a 500 g mixture of sand ,

soil and organic dry matter (2:1:1).

All pots were watered at the field capacity until
the emergence of the first leaf. At this growing

stage, water was withheld to induce water deficit as
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irrigation regimes treatments. Soil moisture content
was kept at needs amount of field capacity during
the period of the experiment by weighing the pots
daily and adding by distilled water to obtain the
needs wet weight. The measurement of soil
humidity was done by weighing pot (Sahnoune et
al., 2004). The soil water measurements were done
on three randomly pot for each experimental

treatment.

After germination, plants were thinned to one
plant per pot, and after 40 days from sowing plants
were harvested. Plant height, leaf width and length
were measured with a ruler with a precision of 1
mm. In order to eliminate the residue, roots were
washed by water. The length of roots (in cm), was
measured. Roots volume was evaluated according
to the method of Musick et al. (1965) by immersion
in a graduate test tube and measure of the
displaced water volume. Roots and shoots were
separated gently and were dried at 75 °C for 48
hours and weighed to determine the average root
and shoot dry weights (Al-Niemi and Dohuki, 2010).
Root-shoot length ratio was estimated by dividing
root length to shoot length. Chlorophyll
concentration was assessed using a chlorophyll
meter (SPAD CCM-200, USA), measurements being
taken at three points of each leaf (upper, middle
and lower part). The average of these three
readings was considered as SPAD reading of the

leaf.

The data were analyzed by analysis of variance
using the general linear model procedure in the SAS
(SAS Institute). Means were separated using
Fisher’s protected Duncan's Multiple Range (DMR)
test at the 95% level of probability.

RESULTS AND DISCUSSION
In this study, all the examined parameters were

decreased with increasing the water deficit stress

levels, except root length and root-shoot ratio
(Table 1). The largest root length (18.42 cm) was
obtained in |, irrigation regime whereas the lowest
(16.92 cm) was in 5 irrigation regime (Table 2). It is
reported drought conditions influence the root
length and root elongation process by affecting cell
division and turgidity of the cells (Golbashy et al.,
2012). Reducing water supply in soil achieved a
situation for plant to pursue root growth though
soil depth. This shows that in order to resist
drought stress, the plant employed this strategy
throughout individual survival straggle by drought
conditions. These findings are in agreement with
the observations of Ajayi and Olufayo (2004) in

sorghum.

Our results showed that seed priming show
significant response in terms of root length, root
and shoot dry weight, plant height and SPAD (Table
1). Mean comparison showed that the highest root
length was achieved under hydropriming (Table 3).
Priming in distilled water enhanced root length in
asparagus seeds (De Carvalho Bittencourt et al.,
2005) support our results of improved performance
of hydroprimed seeds over the unprimed ones.
Faster emergence rate after priming may be due to
increased rate of cell division in the root tips of
seedlings from primed seeds as reported in wheat
(Basra et al., 2006) and sunflower (Kaya et al.,

2006).

There are positive relationships between root
volume and field survival and/or performance
(Jacobs et al., 2005).The highest and lowest root
volume were observed in irrigation at 60% field
capacity (Is) and irrigation at 20% field capacity( I,)
respectively (Table 2). There is evidence that
planting seedlings with large root volumes may
reduce moisture stress and subsequent transplant

shock (Haase and Rose, 1993). Our results confirm
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the findings of Degu et al. (2008), who reported
drought stress reduced root growth activity of

barley, as is observed by other plants species.

Root dry matter was significantly affected by
irrigation treatments and seed priming (Table 1).
Highest root dry weight belonging to |, condition
(40% field capacity) that was 46.66 percent higher
than 1, condition (20% field capacity) (Table 2).
Reduction in root dry weight in |; condition could be
due to reduction in root volume as indicated in
Table 2 which is results of low water absorbance by
germinated seeds (Zaefizadeh et al, 2011). By
increased root length in |;, root weight decreased.
Therefore the weight of roots states that the
relationship between root weight and root length is
a negative relationship with water stress (Bahrami,

2012).

Four seed treatments gave better performance
than control (untreated) with clear effectiveness of
hydropriming in improving the root dry weight. So,
the highest (0.25 g/plant) and lowest (0.19 g/plant)
root dry weight was obtained from the
hydropriming and control, respectively (Table 3).
The beneficial effects of hydropriming have been
attributed to the mobilization in embryonic tissues
of enzyme activities required for rapid seed
germination and of compounds such as free amino
acids, proteins, and soluble sugars from storage
organs (Ashraf and Foolad, 2005). The improved
seedling fresh and dry weight of barley may be
attributed to optimum availability of nutrients to
seedling soon after their emergence, which
enhanced the early growth and thus resulted in
improved fresh and dry weight of barley in the
nutrient primed seed treatments. Better
performance of seedlings raised from seeds primed
with Marmarin, Humic acid and Pseudomonas

might be due to increased the root weight,
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stimulate production of photosynthetic dyes, thus

growing plant vitality (Sultana et al., 2005).

The shoot dry weight was affected by the
interaction of seed priming and irrigation regimes
(Table 1). The highest shoot dry weight (0.37
g/plant) was obtained from |, irrigation regimes
with hydropriming treatment. Whereas, the lowest
shoot dry weight (0.14 g/plant) was observed in |,
irrigation regimes in control condition (Table 4). The
inhibitory and deleterious effects of water stress
seemed to be decreased by seed priming with plant
regulation. Additionally, the role of plant growth
regulators in overcoming the harmful effects of
water definite on growth may be due to the change
in the endogenous growth regulators which affects
plant water balance and or decreasing root

resistance to water flow (Mac Robbie, 1981).

Plant height of the barley was influenced by
irrigation regimes (Table 1). It is obvious from Table
2 that increasing drought stress had significantly
reduced plant height of barley. |, irrigation regimes
and |, irrigation regimes produced the maximum
(9.66 cm) and minimum (6.52 cm) plant height.
Irrigation at |; condition (irrigation at 20% field
capacity) leads to decrease 32.51% plant height of
the barley as compared to irrigation at |, condition
(Irrigation at 80% field capacity). It is reported that
reductions in plant height could be due to decline in
cell division and enlargement caused by water

stress (Bahrami, 2012).

Irrigation regimes had a significant effect on leaf
length (Table 1). The highest (11.83 mm) and lowest
(9.06 mm) leaf length was observed in I, and I,
irrigation regimes, respectively (Table 2). The effect
of stress during the vegetative stage is the
development of smaller wider and flat leaf surface

which can reduce the leaf area index at maturity
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less light interception by the crops

and result in

(Jones and McLeod, 1990).
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Table 3. Mean comparisons of some characteristics of barley (Hordeum vulgare L.) seedling affected by

different seed priming treatments.

Priming treatment  Traits

Root length Root dry weight Shoot dry weight  Plant height (cm) SPAD
(cm) (g/plant) (g/plant)
Control 16.87¢ 0.19° 0.22° 7.69° 1.39°
Hydropriming 18.54° 0.25° 0.26° 9.64° 1.88°
Humic acid 17.66° 0.24° 0.26° 8.60%° 1.74%®
Marmarin 17.30* 0.23° 0.25° 8.43%* 1.90°
Pseudomonas 17.93% 0.23° 0.26° 8.85%° 1.73%®

The means followed by same letter are not significant at P<0.05 (DMR Test).

Table 4. Means comparison of interaction between irrigation regimes and seed priming application on
shoot dry weight (g/plant) of barley (Hordeum vulgare L.) seedling.

Treatments Shoot dry weight (g/plant)

Irrigation regimes

Iy l, l5 ls
Control 0.140" 0.316%* 0.243¢% 0.203 "
Hydropriming 0.170"* 0.370° 0.220¢f" 0.306°
Humic acid 0.150* 0.353° 0.326% 0.233°%
Marmarin 0.163% 0.363° 0.270° 0.230°%"
Pseudomonas 0.1908" 0.350° 0.256 0.25%

Within columns, means followed by same letter are not significantly at P<0.05 (DMR Test). Irrigation at 20%
field capacity (l,), irrigation at 40% field capacity (lI,), irrigation at 60% field capacity (Is) irrigation at 80% field

capacity (la).

Considerable decrease in leaf width was
observed, depending on the increase in water stress
levels (Table 1). The highest leaf width was
observed in I, condition (6.20 mm), whereas the
lowest was noted at |; condition (5.48 mm) (Table
2).

Significant differences were observed among
irrigation regimes and seed priming treatments with
respect to SPAD (Table 1). The maximum (1.92
spad) was obtained by 80% field capacity and
minimum (1.36 spad) was gained in 20% field
capacity. SPAD is a reliable method to assess the
changes in the function of maximal efficiency of PSII
photochemistry (Fv/Fm) under stress conditions
(Broetto et al., 2007). So during the development of
water stress a gradual decline of the ratio Fv/Fm
occurred. Also, Boussadia et al. (2008) and
Ranjbarfordoei et al. (2006) showed that Fv/Fm was

reduced significantly in plants submitted to water

deficit which was possibly due to the reduction
restriction of CO, for photosynthesis and indicated
photo inhibition. De souza et al. (1997) reported
that there was no significant difference in leaf
chlorophyll content of soybean between irrigations
of field capacity and 60% of field capacity, but
irrigation at 30% of field capacity caused a

significant reduction in leaf chlorophyll.

Results of mean comparison for SPAD content
indicated that the highest and lowest root volume
were observed in Marmarin and control (no
priming) seed treatment, respectively (Table 3).
Yang et al. (2004) who stated that, seed priming
sources could play an important role in the growth
enhancement through their stimulation for
metabolic processes as the biosynthesis of

chlorophyll.

The effect of irrigation regimes on root-shoot

ratio was significant (Table 1). Furthermore, the
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shoots were more sensitive than roots (Saboora et
al., 2006). Table 2 clearly indicates that average root
length is greater than shoot length and root-shoot
ratio. It is found higher yield (2.84) in irrigation at
20% field capacity (I;) and lIrrigation at 40% field
capacity (l,) produced minimum yield (1.84) root-
shoot ratio. When water supply is limiting,
allocation of assimilates tend to be modified in root
growth and leads to increase root dry weight and
consequently the root-shoot ratio increases (Kaydan
and Yagmur 2008).The inhibition effects of drought
stress on growth parameters of plants might be due
to inhibits the growth through reduced water
absorption, changes in water relations of tissues
exposed to low water potential, accumulation of
ions in tissues and stomata conductance of leaves

(Blum, 2005).
CONCLUSION

Generally, root volume, root dry weight, plant
height, leaf width, leaf length, and SPAD were found
to be sensitive to irrigated at 20 % field capacity (l,)
in comparison to others. Shoot dry weight is best at
40 % field capacity (l;) and can be improved by
hydropriming. Among different priming sources,
hydropriming improved root length, root dry

weight, plant height and SPAD of barley seedling.
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