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MANNITOL INDUCED SEED PRIMING ENHANCES SALT
TOLERANCE CAPABILITY IN MUNGBEAN (VIGNA RADIATA)
UNDER SALT STRESS

ABSTRACT

A laboratory experiment was conducted at the Agronomy lab, Sher-e-Bangla
Agricultural University, during the period from August 2013 to February 2014 to
investigate the potentiality of seed priming for induction of salt tolerance capability
and the pre-sowing seed treatment with mannitol on germination behavior of
mungbean (BARI Mung-6 and BU-4) under salt stress conditions. The whole
experiment was divided intothree experiments.In first experiment, two mungbean
varieties were surface sterilized with 5% Sodium hypochlorite (NaOCI) solution,
soaked in water and mannitol (2%, 4%, 6%, and 8%) for 12 hours and dry seed used
as control. The highest total germination(89.99%), germination index(48.64),
coefficient of velocity(21.04), energy of emergence(94.99%) and vigor index(157.00)
were obtain from seeds primed in 6% mannitol for BARI Mung-6 compare to total
germination (85.21%), germination index (46.61),coefficient of velocity (20.21),
energy of emergence (87.88 %) and vigor index (123.30), respectively was obtained
in 2% mannitol solutionfor BU-4. In second experiment, BARI Mung-6 was primed
in 0, 6,9, 12, 15, and 18 hours under both 6% mannitol solution and distilled water,
respectively. Priming time 6 hours with 6% mannitol showed the best result for
increasing the effectiveness in inducing salt tolerance in comparison to 6 hours
distilled water priming time. In the final experiment, seeds were primed with distilled
water and 6% mannitol for 6 hours; dry seed used as control and were exposed to 0,
50, 100, 150, and 200 mMNacCl induced salt stress conditions in Petri dishes. Priming
with mannitol followed by water were more effective than the control seed in
inducing salt tolerance of mungbean cultivars owing to enhanced germination and
growth parameters under salt stress condition. From the results of the study, it was
observed that seeds primed with 6% mannitol for 6 hours showed the best result in
comparison to water primed seed and dry seed.
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CHAPTER |

INTRODUCTION

Pulse crop belongs to grain legume. In Bangladesh various types of pulse crops
aregrown. Among them lentil, cowpea, blackgram, mungbean, field pea and
grass pea are important. Pulses constitute the main source of protein for the
people, particularly the poor sections of Bangladesh. These are also the best
source of protein for domestic animals. Besides, the crops have the capability
to enrich soils through nitrogen fixation (Sharma and Behera, 2009). Pulse
protein is rich in lysine that is deficient in rice. According to FAO (2013)
recommendation, a minimum intake of pulse by a human should be 80 gm/day,
whereas it is 7.92 g in Bangladesh (BBS, 2012). This is because of fact that
national production of the pulses is not adequate to meet our national demand.
In Bangladesh, total production of pulses is only 0.65 million ton against 2.7
million tons requirement. This means the shortage is almost 80% of the total
requirement (Rahman and Ali, 2007). This is mostly due to low yield (MoA,
2013). At present, the area under pulse crop is 0.406 million hectare with a
production of 0.322 million tons (BBS, 2013), where mungbean is cultivated in
the area of 0.108 million ha with production of 0.03 million tons (BBS, 2014).

Mungbean (Vignaradiata L. Wilczek) is one of the most important pulse crops
in Bangladeshbelonging to the family Fabaceae.lIts edible grain is characterized
by good digestibility, flavor, high protein content and absence of any flatulence
effects (Ahmed et al., 2008). It holds the 3" in protein content and 4™ in both
acreage and production in Bangladesh(MoA, 2014). The agro-ecological
condition of Bangladesh is favorable for growing this crop. Mungbean grain
contains 51% carbohydrate, 26% protein, 10% moisture, 4% mineral and 3%
vitamins (Khan, 1981; Kaul, 1982). On the nutritional point of view, mungbean
Is one of the best among pulses (Khan, 1981). It is widely used as "Dal" in the

country like other pulses.



Poor crop establishment is a constraint for mungbean production (Naseemet al.,
1997; Rahmiannaet al., 2000) and high yields can be associated with early
vigour (Kumar et al., 2002). Salinity is one of the major stresses in arid and
semi-arid regions causing adverse effects atphysiological, biochemical, and
molecular levels, limiting crop productivity. The total world wide area of land
affected by salinity is about 190 million ha (FAO, 2010). It has become a
severe threat to ensure food security in the developing world. Increasing
salinity had significant impact on food production and more agriculture lands
are expected to become salt affected due to climate change effect (Rengasamy,
2006). Soil salinity affects germination by either an osmatic stress or ion toxic
effect (Bewley and Black, 1982). Salinity causes a variety of biochemical,
physiological and metabolic changes (Xiong and Zhu, 2002), which may result
in oxidative stress and affect plant metabolism, performance and thereby the
yield (Shafiet al., 2009). Salt and osmotic stresses are also responsible for both
inhibition or delayed seed germination and seedling establishment
(Almansouriet al., 2001). Soil salinity may affect the germination of seeds
either by creating a lower osmotic potential external to theseed preventing
water uptake, or through the toxic effects of Na® and CI” ions on the
germinating seed (Khajeh-Hosseiniet al., 2003). The physiological mechanisms
through which plants respond to salinity and drought show high similarity,
suggesting that both stresses must be perceived by the plant cell as deprivation
of water (Taviliet al., 2011). Other abiotic stress factors such as heat, cold,
irradiation or light stress are also known to adversely affect the crops (Reyes

and Cisneros- Zevallos, 2007).

Plant growth and development are regulated by a number of intrinsic and
extrinsic factors, which can be modified in various ways. There are different
approaches to mitigate the salt hazards, which include the development of
stress tolerant plants by selection of stress resistant varieties (Ahloowaliaet al.,
2004), in vitro selection, use of plant growth hormones (ABA, GA, cytokinin,
SA), antioxidants (ascorbic acid, H,O,) and osmoprotectants as foliar
application and seed treatment (Senaratnaet al., 2000; Farooqget al., 2009).

2



Since tolerance to salt in plants is a complex trait, conventional breeding
techniques have had limited success in improving this trait in crops (Flowers,
2004). But these are not economically viable technology to facilitatecrop

production under stress conditions.

Seed priming is considered as a promising approach to increase stress tolerance
capacity of crop plants including salinity. It has been found a realizable
technology to enhance rapid and uniform emergence, high vigor, andbetter
yields for vegetable and field crops (Janmohammadiet al., 2009; Rouhiet al.,
2011). In fact, this technique is a treatment that applied before germination in a
specific environment that seeds are partially hydrated to a point where
germination processes begin but radical emergence does not occur (Dell Aquila
and Tritto, 1991; Giri and Schilinger, 2003; Kaur, 2002). On the other hand on
seed priming the amount of water absorption is controlled so as necessary
metabolic activities occurred for germination but radical emergence is
prohibited. Seed priming can be accomplished through different methods such
as hydropriming (soaking in DW), osmopriming (soaking in osmotic solutions
such asmannitol, PEG, potassium salts, e.g., KCI, K,SO,) and plant growth
inducers (CCC, Ethephon, IAA) (Capron et al., 2000; Chiu et al., 2002; Harris
et al., 1999; Chivasaet al., 1998).

Therefore, seed priming is a technology that enhances rapid emergence (7-10
d) and early establishment of mungbaen. Rapid and uniform field emergences
are regarded as an essential prerequisite for both irrigated and rain fed
conditions to reach the yield potential, quality and ultimately profit in annual
crops (Cantliffeet al., 1994).

Moreover, it is also important to study more about the performance of on the
germination, vigour and other attributes of mungbean. Therefore the present
study on seed priming of mungbean was formulated with the following

objectives,



i)

To evaluate the effect of different concentrations of mannitol on the
germination behavior of mungbean.
To optimize the priming time of the best priming chemical on
germination behavior of mungbean.
To evaluate the effect of pre-sowing seed treatment with mannitol
and Salt (NaCl)on germination behavior of mungbean in relation to

salinity tolerance.



CHAPTER Il

REVIEW OF LITERATURE

Mungbean is one of the most important pulse crop in Bangladesh and the
growth are greatly influenced by salt stress. Literature on salt stress tolerance
of mungbean is scarce. Moreover, information on the role of mannitol as
priming agent on salt stress tolerance of this crop is unexpectedly low.
Available literatures, pertinent to this study, on different legumes as well as

other crops and priming agents are, therefore, presented below:

2.1 Effect on germination parameters

2.1.1Total Germination (%)

Seed priming, a controlled hydration process followed by re-drying is
pragmatic approach to counteract the salinity effects in many crops because of
its simplicity, low cost and effectiveness (Wahid et al., 2007; Afzal et al.,
2011). It improved the germination percentage and uniformity of growth
following reduced emergence time and increased yields are reported in many
field crops including rice (Farooq et al., 2006b; Afzal et al., 2006; Afzal et al.,
2011). But such enhancements are often found under non-saline conditions
(Farooq et al., 2006a; 2006b) and few studies are available for alleviation of
adverse salinity effects in rice during germination and early seedling growth by
seed priming (Xu et al., 2011). Patade et al. (2009) suggest that salt priming is
an effective pre-germination practice for overcoming salinity and drought
induced negative effects in sugar-cane. Farhoudi and Sharifzadeh (2006) while
working with canola reported salt priming induced improvement in seed
germination, seedling emergence and growth under saline conditions.The

higher germination percentage in seeds primed with CaCl, is according to

5



Ashraf and Rauf (2001) for wheat and Afzal et al.(2008b) for maize who
reported an increase in germination percentage of plants raised from seeds
primed with calcium salt under salinity stress.Short term seed priming with a
low NaCl concentration also increases germination rate, field emergence and
acquired stress tolerance (Nakaune et al., 2012). Sun et al.(2010) also
concluded that PEG priming with moderate concentration resulted in higher
tolerance to drought stress than hydro-priming, while higher concentrations of
PEG had negative effects on seed germination.It was reported seed priming had
significant effect on increment of germination percent; germination speed and
seedling dry weight of sunflower vice versa of producing abnormal seedling
decrement in drought condition (Demir Kaya et al., 2006). Aerated hydration
treatment of pepper at 250 °C followed by drying increased germination

percentage were reported by (Demir and Okcu, 2004).

The final germination percentage of Melilotus officinalis was much higher than
that of M. sativa and A. adsurgens at 300 mM NaCl (Wang et al., 2009b), and
the germination rate in six alfalfa cultivars was also differentially affected by
treatments with 200 mM NaCl and 35% PEG (Wang et al., 2009a). Vicente et
al.(2009) have observed varying responses to saline solution of the seeds of
three plant species (Arthrocnemum macrostachyum, Juncus acutusand
Schoenus nigricans) and different germination recovery of the seeds after
submersion in hypersaline solution of different salt types. Seed primed with
potassium hydrophosphate (KH,PO,) and water improved germination
percentage compared to untreated seed treatments. Similarly Korkmaz and Pill
(2003) reported that priming with KH,PO, improved the germination
synchrony of low vigour cultivar in lettuce. According to Ghana and
Schillinger (2003) seed primed with KH,PO,and water treatments enhanced

germination in wheat under normal condition compared to untreated seed.



Basra et al. (2003) and Salinas (1996) reported improvement in germination
percent, emergence and seedling stand by using seed priming techniques. In
fact priming induces a range of biochemical changes in the seed that required
initiating the germination process i.e., breaking of dormancy, hydrolysis or
metabolism of inhibitors, imbibition and enzymes activation (Ajouri et al.,
2004). Some previous researcher indicated that some or all process that precede
the germination are triggered by priming and persist following the re-
desiccation of the seed (Asgedom and Becker, 2001).Primed seed can rapidly
Imbibe and revive the seed metabolism, resulting in higher germination
percentage and a reduction in the inherent physiological heterogeneity in
germination (Rowse,1995). According to McDonald (2000), primed seeds
acquire the potential to rapidly imbibe and revive the seed metabolism thus

enhancing the germination rate.

Osmopriming with PEG was described as a good technique for improving seed
germination of Bromus seeds under salt and drought stress (Tavili et al.,2011)
and for increasing the germination percentage and seedling vigor of bersim
(Trifolium alexandrinum) seeds (Rouhi et al.,2010). In soybean too, seed
priming with PEG was successfully carried out by Khalil et al.(2001).
Osmopriming with PEG results in strengthening the antioxidant system and
increasing the seed germination potential, finally resulting in an increased
stress tolerance in germinating seeds of spinach (Chen and Arora, 2011). Osmo
conditioning of Italian ryegrass (Lolium multiflorum) and sorghum (Sorghum
bicolor) seeds with 20% PEG-8000 for 2 d at 10°C increased germination
percentage, germination rate, seedling establishment and dry matter production
under water stress, water logging, cold stress and saline conditions (Hur,
1991).According to Posmyk and Janas ( 2007), hydropriming and
hydropriming along with proline can be used as a safe priming method for
improving seed germination and growth of Vigna radiata seedlings at low
temperature and also allowing fast repair of injuries caused by stress. More

uniform germination and emergence were observed in primed seeds on canola
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(Brassica compestris) (Zheng et al., 1994), wheat (Triticum aestivum) (Nayyar
et al., 1995) and rice (Oryza sativa) (Lee and Kim, 2000; Basra et al., 2003)
who described improved germination rate and percentage in seeds subjected to
hydropriming and seed hardening for 24 h (Farooq et al., 2006b). Coolbear and
Grierson (1979) who reported that higher germination rate was a result of
higher levels of nucleic acid in primed seeds of tomato cultivars. They
indicated that increase in nucleic acid content in primed seeds was due to an

enhanced ribonucleic acid (RNA) synthesis during and after priming treatment.

Ascorbic acid, another important vitamin is also used for priming due to its
antioxidant nature. It has already been proved that a high level of endogenous
acrobat is essential to maintain the antioxidant capacity that protects plants
from oxidative stress (Zhou et al.,2009). Ascorbic acid pretreatment results in
improved germination properties of Agropyron elongatum under salt stress
condition (Tavili et al.,2009).ABA priming showed increased rate of
germination as compared to non-primed seeds in Indian mustard (Srivastava et
al., 2010a,b).The growth regulators IAA and GA; were reported to improve
germination of pyrethrum seeds under non-saline condition (Bisht et
al.,2009).Salicylic acid priming in fennel seeds also showed better germination
under low water potential (Farahbakhsh,2012). Moreover, in Salicornia
utahensis, which is a halophyte, priming with growth regulators like fusicoccin,
thiourea, kinetin, and ethephon alleviated the inhibitory effects of salinity on
the germination, whereas GAgs, proline, betaine and nitrate had little effect on
germination at all salinities (Gul and Khan,2003). 3% KNO; supplemented
with 3 IM methyl jasm-onate (MeJA) could promote germination and
emergence of dormant Amaranthus cruentus L. seeds (Tiryaki et al., 2005).
More recently, seeds of Agropyron elongatum primed with gibberellin (GA)
and abscisic acid (ABA) exhibited induced CAT and SOD activities under

drought conditions when compared to unprimed seeds (Eisvand et al.,2010).


file:///D:\Document\Articles%20-seed%20priming\Articles\Articles%20-seed%20priming\mamun%20(1st)seed%20priming%20paper.rtf%23page16
file:///D:\Document\Articles%20-seed%20priming\Articles\Articles%20-seed%20priming\mamun%20(1st)seed%20priming%20paper.rtf%23page15
file:///D:\Document\Articles%20-seed%20priming\Articles\Articles%20-seed%20priming\mamun%20(1st)seed%20priming%20paper.rtf%23page15
file:///D:\Document\Articles%20-seed%20priming\Articles\Articles%20-seed%20priming\mamun%20(1st)seed%20priming%20paper.rtf%23page12
file:///D:\Document\Articles%20-seed%20priming\Articles\Articles%20-seed%20priming\mamun%20(1st)seed%20priming%20paper.rtf%23page12
file:///D:\Document\Articles%20-seed%20priming\Articles\Articles%20-seed%20priming\mamun%20(1st)seed%20priming%20paper.rtf%23page13
file:///D:\Document\Articles%20-seed%20priming\Articles\Articles%20-seed%20priming\mamun%20(1st)seed%20priming%20paper.rtf%23page16
file:///D:\Document\Articles%20-seed%20priming\Articles\Articles%20-seed%20priming\mamun%20(1st)seed%20priming%20paper.rtf%23page12

In many crops, seed germination and early seedling growth are the most
sensitive stages of water limitation and the water deficit may delay the onset
and reduce the rate and uniformity of germination, leading to poor crop per
dormance and yield (Demir et al., 2006). Therefore, the beneficial effects of
priming may be more evident under unfavorable rather than favorable
conditions (Parera and Cantliffe 1994). Primed seeds usually exhibit an
increased germination rate, greater germination uniformity, and at times,
greater total germination percentage (Basra et al., 2005). These attributes have
practical agronomic implications, notably under adverse germination
conditions (McDonald 2000). Therefore, there is a strong interest in the seed
industry to find suitable priming agent(s) that might be used to increase the

tolerance of plants under adverse field conditions (Job et al., 2000).

2.1.2Mean germination time (days)

Priming treatments are being used to shorten the time between planting and
emergence and to protect seeds from biotic and abiotic factors during critical
phase of seedling establishment. Such earlier and synchronized emergence
often leads to uniform stands and improved yield (Farooq et al., 2006b; Afzal
et al., 2006; Afzal et al., 2011). Like germination percentage, prime seeds had
lower mean emergence time (MET) compared with non-primed seeds. These
positive effects are probably due to the stimulatory effects of priming on the
early stages of germination process by mediation of cell division in
germinating seeds (Hassanpouraghdam et al.,, 2009; Sivritepe et al.,
2003).Improved seed invigoration techniques were known to reduce emergence
time, accomplish uniform emergence, and give better crop stand in many
horticultural and field crops (Ashraf and Foolad 2005). Priming decreased the
temperature optimum and ceiling temperature for germination and also helped
in advancing the germination time and did not decrease the final percentage
emergence (Finch-Savage et al., 2004). ‘‘On-farm’’ seed priming (soaking

seeds in water prior to sowing) has been shown to be effective in producing
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early germination, better establishment and increased yields in a wide range of
crops in diverse environments (Rashid et al.,2006). It had been a common
pretreatment that reduces the time between seed sowing until emergence and
synchronizes seedling emergence (Parera and Cantliffe 1994). According to
Basra et al.(1989) priming of corn seed using polyethylene glycol or potassium
salt (K,HPO, or KNO3) resulted in accelerated germination.

Janmohammadi et al. ( 2008) presented hydropriming as a suitable, cheap and
easy seed invigoration treatment for inbreedlines of maize, especially when
germination is affected by salinity and drought stress.Hydropriming has been
shown to result in the earlier germination of desert cacti (Dubrovsky 1996),
Allium porrum(Ashraf and Bray 1993), pyrethrum (Tanacetum cinerariifolium)
(Li et al.,2011), and coriander (Rithichai et al.,2009).Moradi Dezfuli et al.,
(2008) revealed hydro primed seeds for 36 h had lowest values (T50 and
MGT).

Osmotic seed priming of maize caryopses resulted in more homogenous and
faster seed germination as compared to the control wasreported by Fotia, et
al.,(2008). According to Gray et al., (1990) (-0.5 MPa) lowered the mean
germination time of seeds of lettuce, carrot and onion. Goobkin (1989) and
Ozbingol, et al. (1999) also reported that PEG 6000 solution treated tomato
seeds germinate faster than untreated seeds and this is due to more rapid water
uptake. The probable reason for early emergence of the primed seed maybe due
to the completion of pre-germination metabolic activities making the seed
ready for radicle protrusion and the primed seed germinated soon after planting
compared with untreated dry seed Arif (2005). Yamauchi and Winn (1996),
indicated that seed priming may help in dormancy breakdown possibly by
embryo development and leaching of emergence inhibitors which resulted in an

earlier start of emergence.
2.1.3 Germination index

Seed performance under drought or salt stress is also affected by the

concentration of priming materials. It has been reported that, NaCl priming
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generally requires long term treatment periods using solutions with relatively
high concentrations of NaCl; however, short term seed priming with a low
NaCl concentration also increases germination rate, field emergence and
acquired stress tolerance (Nakaune et al.,, 2012). Sun et al. (2010) also
concluded that PEG priming with moderate concentration resulted in higher
tolerance to drought stress than hydropriming, while higher concentrations of

PEG had negative effects on seed germination.

In addition to better establishment, primed crops grew more vigorously,
flowered earlier and yielded higher (Farooq et al., 2008). Ruan et al.(2002a)
had observed that KCI and CaCl, seed priming had improved germination
index of rice. Seed priming has been successfully demonstrated to improve
germination and emergence in seeds of many crops, particularly seeds of
vegetables and small seeded grasses (Dell Aquila and Tritto, 1991; Donaldson
et al., 2001).Rashid et al.(2006) reported that priming enhanced germination,
better establishment and increased yields in many diverse environments for a
number of crops (Khan et al., 2008). Seed priming could enhance sunflower
seed germination under the stress conditions was found by Kaya et al., (2006).
Bray et al., (1989) and Arif et al., (2005) who reported that seed priming
enhanced germination which may be attributed to repair processes, a buildup of
germination metabolites or osmotic adjustments during priming treatment. Maiti
et al. (2006) also reported that osmotic seed priming of maize caryopses in
coper sulphate, zinc sulphate, manganese sulphate, or boric acid induced high
levels of seed germination. Hydropriming was found to be the most effective
method for improving seed germination of onion, especially when the seeds
were hydrated for 96 h compared to 48 h (Caseiro et al., 2004).1t improved
germination and later growth of different crops species such as in maize, rice,
chickpea (Harris et al., 1999).
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2.1.4Coefficient of velocity

Improving germination and coefficient of velocity in treated fenugreek seeds
may be explained by an increase of cell division in the seeds (Bose and Mishra,
1992).

2.1.5 Energy of emergence (%)

Seed priming enhances speed and uniformity of germination (Khalil et al.,
2010; Khan et al.,, 2008; Heydecker et al.,, 1975), and induces several
biochemical changes in the seed that are required to start the germination
process such as breaking of dormancy, hydrolysis or mobilization of inhibitors,
imbibition and enzyme activation. Some or all of these processes that precede
the germination are trigged by priming and persist following the re-desiccation
of the seeds (Asgedom & Becker, 2001). Thus upon seeding, primed seed can
rapidly imbibe and revive the seed metabolism, resulting in a higher
germination rate and a reduction in the inherent physiological heterogeneity in
germination (Rowse, 1995). The resulting improved stand established can
reportedly increase the drought tolerance, reduce pest damage and increase
crop yield in cereals and legumes (Harris et al., 1999; Mussa et al., 1999;
Harris et al., 2000; Khan et al., 2005).Seed priming stimulates many of the
metabolic processes involved in the early phases of germination, and it has
been noted that seedlings from primed seeds emerge faster, grow more
vigorously, and perform better in adverse conditions (Cramer, 2002). It has also
been reported that seed priming improves emergence, stand establishment,
tillering, allometry, grain and straw yields, and harvest index (Farooq et al.,
2008).

Seed priming has been found a double technology to enhance rapid and
uniform emergence, and to achieve high vigor and better yields in vegetables
and floriculture (Dear man et al., 1987; Parera and Cantliffe, 1994; Bruggink et
al., 1999) and some field crops (Hartz and Caprile 1995; Chiu et al., 2002; Giri
and Schillinger 2003; Murungu et al., 2004; Basra et al., 2005; 2006; Kaur et
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al., 2005; Farooq et al., 2006 a, b; 2007 a, b). The enhanced phenology in
mungbean due to primed seed is associated with faster emergence and reduced
germination imbibition periods (Harris et al., 1999). It has been declared that
priming had been resulted in more germination speed especially in drought
stress, saline stress and low temperatures in sorghum, sunflower and melon
(Sivritepeet al., 2003; Demir Kaya et al., 2006; Foti et al., 2002). Soybean seed
priming are made better seedling emergence and yield improvement (Arif et
al., 2008).

Seed priming techniques such as hydropriming, hardening, osmopriming, osmo
hardening, hormonal priming and hydro priming have been used to accelerate
emergence more vigorous plants and better drought tolerance in many field
crop like wheat (Igbal and Ashraf, 2007), chickpea (Kaur et al., 2002),
sunflower (Kaya et al., 2006), cotton (casenve and Toselli, 2007) triticale
(Yagmur and Kaydan, 2008). Potassium hydro phosphate (K,HPOQO,),
polyethylene glycol (PEG6000) (Dell Aquila and Taranto, 1986) and potassium
chloride (KCI) (Misra and Dwibedi, 1980) have been introduced as the
osmoticum which have shown good potential to enhance germination,
emergence, growth, and/or grain yield of wheat. Water has also been used
successfully as a seed priming medium for wheat (Harris et al., 2001).Ghiyasiet
al. (2008) declared osmopriming of maize (Zea mays L.) seeds with
polyethylene glycol 8000 (PEG 8000) at -0.5 MPa osmotic potential had
improved emergence, grain and biological yields compared with other
treatments. The probable reason for early emergence of the primed seed maybe
due to the completion of pre-germination metabolic activities making the seed
ready for radicle protrusion and the primed seed germinated soon after planting
compared with untreated dry seed (Arif, 2005). Halopriming with CacCl,
significantly improved emergence and seedling growth in Shaheen Basmati
whereas as CaCl, and KCI proved better in case of Basmati-2000 which could
be related to dormancy breakdown of rice seeds due to enhanced seed K and Ca
concentration and amylase activity (Farooq et al., 2006b).

Zheng et al. (2002) reported earlier and uniform emergence in rice (Oryza
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sativa) seeds osmoprimed with KCI and CaCl, and mixed salts under flooded
conditions. However, Nascimento and West (1999) reported early germination
of primed seeds but not recorded any improvement in the growth of seedlings
in muskmelon (Cucumis melo) seeds under laboratory conditions. Confounding
results, where priming did not show any beneficial results, also reported by
different research workers (Mwale et al., 2003; Giri and Schillinger, 2003).

2.2 Effect on growth parameters
2.2.1Shoot length (mm)

Priming with KNO; can be used to increase watermelon germination (Demir
and Mavi, 2004) and in tomato, seed priming with KNO; increased
germination percentage, germination index, root length, shoot length and
seedling fresh weight (Nawaz et al., 2011).It was reported that osmo and
hydropriming of chickpea seeds with mannitol and water alleviated the adverse
effects of water deficiency and salt stress on seedling growth. The treatment of
seeds with water, 2 and 4 % mannitol increased the length and biomass of roots
and shoots of chickpea seedlings as compared to non-primed controls under
salt stressed conditions (Kaur et al.,2002, 2005).Priming of chickpea seeds with
mannitol and water improved seedling growth under salt stressed conditions
(Kaur et al., 2003). Previous studies on tomato (Cuartero et al., 2006) and
melon(Sivritepeet al., 2003), showed that seed priming improves seed
germination, seedling emergence and growth under saline conditions.Farhoudi
and Sharifzadeh (2006) and Sarwar et al. ( 2006) while working with canola
and chickpea, respectively, reported salt priming-induced improvement in seed

germination, seedling emergence and growth under saline conditions.

Priming of seeds with water promoted seedling vigour, yield and crop
establishment of chickpea, maize and rice in India (Harris et.al., 1999). It is
well documented that salinity reduces the germination as well as seedling

growth in crop plants and seed priming ameliorates salinity affects during early
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seedling growth (Ashraf and Harris, 2004; Afzal et al.,, 2006).Paul and
Choudhury (1991) also observed that seed soaking with 0.5 to 1% solution of
KCI or potassium sulfate (K,SO,) significantly increased plant height, yield
attributes, and grain yield in wheat. The beneficial effects of gibberellic acid
(GAz) on germination are well known (Angrish et al., 2001; Radi et al.,2001;
Khan et al., 2002). GA3z (100 mg I-1) applied as pre-sowing treatment resulted
in the highest K* and Ca*" content in the shoots of both faba beans (Vicia faba)
and cotton (Gossypium barbadense) crops (Harb,1992). Recently, auxin is also
used for priming (Akbari et al.,2007). In wheat seed germination, auxin
treatments increased the hypocotyl length, seedling fresh and dry weight and
hypocotyl dry weight (Akbari et al.,2007).

2.2.2 Root length (mm)

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 (Igbal and Ashraf, 2007), chickpea
(Kaur et al., 2002), sunflower (Kaya et al., 2006) and cotton (Casenave and
Toselli, 2007).ABA-primed seeds of Brassica napus exhibited earlier (2—7
days) germination and higher final percent radicle protrusion than non-primed
control seeds, under salt (100 mM NaCl) or water stress (20 % PEG 8000) and
at a low temperature (8 LC) (Gao et al.,2002). Kulkarni and Eshanna (1988)
stated that pre-sowing seed treatment with IAA at 10 ppm improved root
length, rate of germination, and seedling vigor. Kathiresan et al.(1984) also
found similar findings and reported maximum root and shoot growth; seedling
height and field emergence in sunflower seeds in response to priming with
CaCl,. Priming may improve germination by accelerating imbibition, which in
turn would facilitate the emergence phase and the multiplication of radicle cells
Kaya et al. (2006).

Osmopriming and hydropriming of wheat seeds may improve germination and

emergence (Ashraf and Abu-Shakra, 1978) and may promote vigorous
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rootgrowth (Carceller and Soriano, 1972). Hydroprimed seeds produced the
largest roots, compared to other seed treatments Kathiresan and Gnanarethinam
(1985) in sunflower. This means that during priming, seeds would be
simultaneously subjected to processes of repair and deterioration and force
between the two determined the success or failure of the treatment (McDonald,
2000). Also, important to consider is the toxic effect reported for PEG (Grzesik
and Nowek, 1998) and the decrease in oxygen solubility (Welbaum, 1998;
Toselli and Casenave, 2002, 2003) that could be responsible for the anoxia

damages suggested by Sung and Chang, (1993).

2.2.3 Seedling length (mm)

The increased shoot and root length in primed plants can be due to metabolic
repair of damage during treatment and that change in germination events i.e.,
changes in enzyme concentration and formation and reduction of lag time
between inhibition and radicle emergence (Bradford et al.,1990). Treated seeds
had stronger embryos that were able to more easily emerge from seeds (Harris
et al., 2005). Sekiya and Yano (2009) also found that enhanced root and shoot
length of seedlings obtained from P enriched seeds. To contribute to plant
growth and development seed priming has been widely reported technique
(Harris et al., 2005). Ajouri et al.(2004) reported a stimulation of P and Zn
uptake, as well as an improved germination and seedling growth in barley after
soaking seeds in water and in solutions containing 5-500 mM P.

Hydropriming method has also been used successfully in wheat (Harris et al.,
2001), in sunflower (Kaya et al., 2006), chickpea (Kaur et al., 2002) and cotton
(Casenave and Toselli, 2007). Moreover, hydropriming increased germination
and seedling growth under salt and drought stresses (Kaur et al., 2002; Kaya et
al., 2006; Casenave and Toselli, 2007). Emergence force and seedling growth
were strengthened by hydropriming in watermelon seeds Sung and Chiu
(1995).Elkoca et al. ( 2007), recommended that hydropriming for 12 h or
osmopriming (PEG -0.5 MPa) for 24 h for a better germination of chickpeas
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under cold soil conditions. Compared to hydropriming, priming with PEG in a
proper concentration was found to have a better effect on seed germination and
seedling growth under drought stress (Yuan-Yuan et al.,2010).

PEG is frequently used to simulate drought stress (Chen et al., 2010; Farahani
et al., 2010; He et al., 2009; Khajeh-Hosseini et al., 2003; Tohidloo and Kruse,
2009; Zhu et al., 2006) as an inert osmoticum in germination tests (Dodd and
Donovan, 1999) and is a non-penetrating solute (Almansouri et al., 2001),
which results in osmotic stress that inhibits seed germination through the
prevention of water uptake. However, it has been reported that the inhibitory
effect of PEG on germination may not be solely related to water imbibition
(Almansouri et al., 2001). Wang et al. (2009a) have observed that the fresh
weight and the length of the roots and shoots of two alfalfa cultivars (Xinmu
No.1 and Northstar) were significantly inhibited by 35% PEG treatment. For a
potential medicinal plant, Matricaria chamomilla, both the seed germination
rate and seedling growth have been found to be reduced with the PEG-
mediated increasing osmotic potential of the growth medium (Afzali et al.,
2006). Rouhi et al. ( 2011) also suggested that different priming techniques
(hydro and osmo priming) had a varying effects on germination on each of the
four grass species (Bromus inermis, Festuca arundinacea, Agropyron
elongatum and Festuca ovina) and the result showed that, for most evaluated
germination parameters, osmopriming treatment (with PEG) was more useful

technique to reduce abiotic stress than hydropriming treatment.

Although priming improves the rate and uniformity of seedling emergence and
growth particularly under stress conditions (Parera and Cantliffe, 1991), the
effectiveness of different priming agents varies under different stresses and
different crop species (Igbal and Ashraf, 2005).Patade et al., (2009) suggest
that salt priming is an effective pre-germination practice for overcoming
salinity and drought induced negative effects in sugar-cane. Farhoudi and
Sharifzadeh (2006) while working with canola reported salt priming induced

improvement in seed germination, seedling emergence and growth under saline
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conditions. Paul and Choudhury (1991) also observed that seed soaking with
0.5 to 1% solutions with KCI or K,SO, significantly increased plant height,
grain yield and its components in wheat genotypes.Priming of chickpea seeds
with manitol and water improved seedling growth under salt stressed
conditions (Kaur et al., 2003). Seed treatment with water and mannitol is also
useful under water deficit stress and primed chickpea seeds gave high yield as
compared to non-primed seeds (Kaur et al., 2002). Musa et al. (1999) reported
that overnight priming of chickpea seeds gave better crop production in
Bangladesh. Priming with H,O, failed to improve emergence and seedling
growth in rice cultivars which is inconsistent with Wahid et al. (2007) who
reported improved salt tolerance in wheat by alleviation of salt stress and

oxidative damage by H,0, pre-treatment.

2.2.4 Seedling dry weight (mg)

Harris et al. (2004) reported that higher plant dry weight and seed vyield
following seed priming. The increase in the dry matter and grain yield of
mungbean was due to better emergence and better performance per plant
(Parera and Cantliffe, 1994). In basil (Ocimum basilicum L.) under saline
conditions, the seedling vigor, germination percentage and seedling dry weight
was found to increase due to hydropriming (Farahani and Maroufi,
2011).Increased plumule dry weight due to osmopriming was reported by
Harris et al. (2004).

Sivritepe et al.(2002) evaluate the effect of salt priming on salt tolerance of
melon seedling and reported that total emergence and dry weight were higher
in melon seedlings derived from primed seeds and they emerged earlier than
non-primed seeds. They also observed that total sugar and proline
accumulation and prevented toxic and nutrient deficiency effects of salinity
because less Na but more K and especially Ca was accumulated in melon in

melon seedlings.
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2.2.5 Vigour index

Post-harvest seed enhancement treatments improve germination and seedling
vigour (Taylor, 1998). Maiti et al. (2009) studied the effect of priming on
seedling vigour and productivity of tomato, chilli, cucumber and cabbage
during post-rainy seasons demonstrating that priming improved germination
and seedling development and yield of these vegetable species. Seed priming
significantly improved the germination rate and vigour of the mungbean
seedlings (Umair et al., 2010). It is also reported that seed priming improve the
antioxidant enzymes activity which decrease the adverse effects of Reactive
Oxygen Species (ROS) (Del Ryo et al., 2002). Afzal et al. (2008 a) observed
that the priming-induced salt tolerance was associated with improved seedling
vigour, metabolism of reserves as well as enhanced K* and Ca®" and decreased
Na" accumulation in wheat plants. Seed priming is used for improvement of
germination speed, germination vigour, seedling establishment and yield
(Talebianet al., 2008). Afzal et al. ( 2005) also found that the priming-induced
salt tolerance was associated with improved seedling vigor, metabolism of
reserves as well as enhanced K* and Ca** and decreased Na* accumulation in
wheat plants.

Primed crops grew more vigorously, flowered earlier and yielded higher
(Farooq et al., 2008). This technique used for improvement of germination
speed, germination vigour, seedling establishment and yield (Talebian et al.,
2008; Bodsworth and Bewley, 1981). Harris et al. (1999) demonstrated that on-
farm seed priming (soaking seeds overnight in water) markedly improved
establishment and early vigour of upland rice, maize and chickpea, resulting in
faster development, earlier flowering and maturity and higher yields. Similarly,
vigorous early growth is often associated with better yields (Okonwo and
Vanderlip, 1985; Austin, 1989; Carter et al., 1992).Seed-priming technology
has twofold benefits: enhanced, rapid and uniform emergence, with high vigour
and better yields in vegetables and floriculture (Bruggink et al.,1999) and some
field crops (Basra et al.,2005; Kaur et al.,2005).1t has been reported that
primed seeds showed better germination pattern and higher vigour level than
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non- primed (Ruan et al., 2002a). It has been also reported invigorated seeds
had higher vigour levels (Ruan et al., 2002b), which resulted in earlier start of
emergence as high vigour seed lots performed better than low vigour ones
(Hampton and Tekrony, 1995).

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 (Igbal and Ashraf, 2007), chickpea (Kaur et al., 2002),
sunflower (Kaya et al., 2006) and cotton (Casenave and Toselli, 2007). Various
works have shown that hydropriming of seeds have many advantages as
compared to non-primed seeds. Hydropriming has resulted in 3 to 4-fold
increases in root and shoot length in comparison with seedlings obtained from
non-primed seeds in drought condition (Kaur et al.,2002). This phenomenon
was explained to be due to faster emergence of roots and shoots, more vigorous
plants, better drought tolerance under adverse conditions (Amzallag et al.,
1990; Passam and Kakouriotis,1994; Cayuela et al.,1996; Lee-suskoon et
al.,1998). Fujikura et al. (1993) presented hydropriming as a simple and
inexpensive method of seed priming and according to Abebe and Modi (2009),
it is a very important seed treatment technique for rapid germination and

uniform seedling establishment in various grain crops.

Priming of seeds with water promoted seedling vigor, yield and crop
establishment of chickpea, maize and rice in India (Harris et.al., 1999).Harris et
al. (1999) also found that hydropriming enhanced seedling establishment and
early vigour of upland rice, maize and chickpea, resulting in faster
development, earlier flowering and maturity and higher yields. The resulting
improved stand establishment can reportedly increase drought tolerance, reduce
pest damage and increase crop yield (Harris et al., 1999). Similarly, vigorous
early growth is often associated with better yields (Okonwo and Vanderlip,
1985; Austin, 1989; Carter et al., 1992). Priming of tomato (Lycopersicon

lycopersicum) seeds with NaCl had been reported to improve seedling growth.
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Osmopriming with KNO3; improved the rate and generally improved the
uniformity of seedling emergence in leek (Brocklehurst et al., 1984), sorghum
(Moradi and Younesi,2009) and tomato (Heydecker et al.,1973; Ozbingol et
al., 1998). Chiu et al. (2006) reported that KNO; effectively improved
germination, seedling growth and seedling vigour index of the seeds of
sunflower varieties. Salt priming with KNOs, is an effective way to improve
seed and seedling vigour of sunflower and cucumber (Singh and Rao, 1993,

Ghassemi-Golezani and Esmaeilpour,2008).

Hydropriming improved the early and vigorous crop establishment in maize
(Nagar et al., 1998) and Heiichrysum bracteatum L. (Grzesik and Nowak,
1998). However, other studies resulted in poor emergence from hydroprimed
Kentucky bluegrass seeds under field conditions (Pill and Necker, 2001).
However Nascimento and West (1999) reported early germination of primed
seeds but not recorded any improvement in the growth of seedlings in
muskmelon seeds under laboratory conditions. Confounding results, where
priming did not show any beneficial results, also reported by different research
workers (Mwale et al., 2003; Giri and Schillinger, 2003).
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CHAPTER 111

MATERIALS AND METHODS

The experiment was conducted during the period from August, 2013 to
February, 2014to study the effect ofmannitol induced seed priming for
enhancing salt tolerance capability in mungbean(Vignaradiata) under salt
stress. The materials and methods describes a short descriptionof the
experimental site, climatic condition of the culture room, experimental
materials, treatments and design, methods of the study, data collection
procedure and data analysis. The detailed materials and methods that were used

to conduct the study are presented below under the following headings:
3.1Descriptionof the experimental site
3.1.1 Location

The experiment was conducted at the Agronomy Laboratory, Department of
Agronomy, Sher-e-Bangla Agricultural University (SAU), Sher-e-Bangla
Nagar, Dhaka-1207. It was located in 24.09° N latitude and 90.26° E longitudes.

3.1.2 Conditions of laboratory room

The temperature and relative humidity of the laboratory room were recorded
daily basis during the study period with a digital thermo hygrometer (TERMO,
TFA, Germany). The average minimum and maximum temperature during the
study period of the culture room was 26.2° C to 33.4° C, respectively and
average minimum and maximum relative humidity was 56% and 84%,

respectively.
3.2Test crops

Twomungbeanvarietiesnamely- BARI Mung-6 and BU-4 were used for this
experiment. BARI Mung-6 was collected from Bangladesh Agricultural
Research Institute (BARI) andBU-4 from Bangabandhu  Sheikh

MujiburRahman Agricultural University. The collected mungbeanvarieties
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were free from any visible defects, disease symptoms and insect infestations
and transported to the laboratory of the Department of Agronomy, SAU, Dhaka

with careful handling to avoid disease and injury.
3.3Experimental materials

Differentequipments such as electric balance, Petri dish, filter paper, micro

pipette, forcep, ovenetc.were used for this study.
3.4Chemicals for seed priming

Different priming chemicals such as Mannitol(C¢H140¢), salt (NaCl) and
distilled water were utilized for osmo and hydro priming.Sodium

hypochloride(NaOCI) used as seed treating chemical.

3.5 Experimental treatments and design

The experiment comprises of

(a) Five levels of salinity stress viz.0, 50, 100, 150, 200 mMNacCl,
(b) Six levels of priming time viz. 0, 6, 9, 12, 15, 18 hours and

(c) Six levels of priming agent concentration viz. water, 0, 2%,
4%,6%,and 8% mannitol(CgH140¢).

The experiment was laid out in a Completely Randomized Design (CRD) with

5 replications.

3.6 Experimental details

The whole experiment was conducted under three different experiments.
3.6.1.1" Experiment

Study on the effect of different concentrations of Mannitol on the

germination behavior of mungbean.
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3.6.1.1Weight of seeds

200 g seeds were weighted from the total seed from each of two mungbean

variety BARI Mung-6 and BU-4 to reduce the unnecessary loss of seeds.

3.6.1.2 Surface treatment

Seeds were initially treated with 5% solution of sodium hypochlorite for 5 min
for surface sterilization. The sterilized seeds were rinsed 2 min with distilled
water for 3 times to reduce the residual chlorine from the seed surface. Seeds

were then dried in room temperature to regain the normal weight.

3.6.1.3 Treatments

The experiment was comprised with two mungbean variety andsix types of

priming solutions.

Mungbean variety (02)

1.
2.

Variety 1: BARI Mung-6
Variety 2: BU-4

Six types of treatments:

1.

o ok~ W

T, =Seeds without priming (control)

T,= Seeds primed with distilled water
T3=Seeds primed with 2% mannitol solution
T,=Seeds primed with 4% mannitol solution
Ts=Seeds primed with 6% mannitol solution

Te=Seeds primed with 8% mannitol solution

3.6.1.4 Priming solutions

2%, 4%, 6%, and 8% of mannitol solution and distilled water were used as

priming solutiosns.
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3.6.1.5 Preparation of priming solutions

a) Mannitol solutions (2%, 4%, 6%, 8%)
5 g of mannitol wasdissolved in 250 ml of water to prepare 2%
solution of mannitol.Similarly, 10g, 15g, 20g mannitol was dissolved
in 250 ml of water to prepare 4%, 6%, and 8% solution of mannitol,
respectively.

b) Distilled water
Distilled water was collected from the laboratory of Sher-e-Bangla
Agricultural University (SAU).

3.6.1.6 Priming technique

Two priming techniques viz., osmopriming and hydropriming were applied on
both the mungbean varieties.The surface sterilized seeds were sub-sampled into
three parts. One of the sub-samples was considered as control (unprimed) and
the other two sub-samples were primed with priming chemicals. For
hydropriming seeds of a sub-sample were soaked in distilled water and for
osmopriming seeds of another sub-sample were divided into another four sub-
sample and pretreated with mannitolat a four levels of concentration of 2%,
4%, 6%, and 8% for 12 hours. Priming was done in different plastic containers
covered with lids to prevent evaporation loss.All seeds were removed from the
priming solution at the same time. The primed seeds were rinsed thoroughly
with distilled water for three times and dried lightly using blotting paper and
finally air dried near to original weight (Umair et al.,, 2011) in room
temperature for 24 hoursback to the original moisture level.

3.6.1.7Germination of seeds

Thirty seeds from each of the treatments were selected randomly and placed in
90 mm diameter Petri dishes on whatman No.1 filter paper moist with 8 ml of
distilled water. Here, whatman No.1 filter paper were used as growth media for
germination.Experimental units (60 Petri dishes) were arranged factorialy in a

completely randomized design with five replications. During the test filter
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papers in the Petri dishes were kept saturated condition with water.Seeds were
kept at room temperature 25+1°C under normal lightto facilitate germination
for 7 days. Germination was considered to have occurred when radicles were 2
mm long(Akbari, Sanavy, and Yousefzadeh, 2007). Germination progress was
inspected and data were collected at every 24 h intervals and continued up to 7
days.Theseedlings with short, thick and spiral formed hypocotyls and stunted
primary root were considered as abnormally germinated seeds (ISTA, 2003).
These types of abnormal or dead seedlings wereexcluded during counting.At
the end of germination test (7 days), 5 seedlings from each of the treatments
were selected randomly and roots and shoots were cut from the cotyledons and
were transferred to brown paper. Then these seedlings were dried in an oven at
75x2°C for 48 hours.

3.6.2 2" Experiment

Optimization of pre-sowing priming time on the germination behavior of

mungbean.
3.6.2.1 Weight of seeds

Seeds were weighted 200gfrom the total seed of BARI Mung-6 for this
experiment to reduce the unnecessary loss of seeds. Remaining seeds are taken

in poly bag and preserved in refrigerator.
3.6.2.2 Surface treatment

Sodium hypochlorite(5.0 %) solution initially used to treat the seeds for 5 min
for surface sterilization. The sterilized seeds were rinsed 2 min with distilled
water for 3 times to reduce the residual chlorine from the seed surface. Seeds

are then dried in room temperature to regain the normal weight.
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3.6.2.3 Treatments and design
Mungbean variety:
1. Variety 1: BARI Mung-6
Eleven types of priming times are used as treatment. They are as follows:

W,= Seeds without priming (control),

We= Seeds primed with water for 6 hours,

W,= Seeds primed with water for 9 hours,

W,= Seeds primed with water for 12 hours,

Wy5= Seeds primed with water for 15 hours,

W= Seeds primed with water for 18 hours,

Me= Seeds primed with 6% mannitol solution for 6 hours,

Mgy= Seeds primed with 6% mannitol solution for 9 hours,

© © N o g B~ w DR

Mi,= Seeds primed with 6% mannitol solution for 12 hours,
10. M 5= Seeds primed with 6% mannitol solution for 15 hours and

11. Myg= Seeds primed with 6% mannitol solution for 18 hours.
3.6.2.4 Priming solutions

Mannitol 6% are used as osmoprimingand distilled water were used as hydro

priming solutions.
3.6.2.5 Preparation of priming solutions
a) Mannitol solutions (6%0)

Fifteen g of mannitol was dissolved in 250 ml of water to prepare 6%

solution of mannitol.

b) Distilled water
Distilled water was collected from the laboratory of Sher-e-Bangla
Agricultural University (SAU).
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3.6.2.6 Priming technique

The surface sterilized seeds were sub-sampled into three parts. One of the sub-
samples was considered as control (unprimed). Seeds of a sub-sample
weredivided into five sub-sample soaked in distilled water for five different
priming times such as 6, 9, 12, 15, and 18 hours for hydropriming.For
osmoprimingthe remaining sample of seeds were divided into more five sub-
sample and pretreated with mannitolfor 6, 9, 12, 15, and 18 hours. Priming is
done in different plastic containers covered with lids to prevent evaporation
loss. Seeds were removed from the priming solution at the required time. The
primed seeds were rinsed thoroughly with distilled water for three times and
dried lightly using blotting paper and finally air dried near to original weight
(Umair et al., 2011) in room temperature for 24 hours back to the original

moisture level.
3.6.2.7 Germination of seeds

Thirty seeds from each of the treatments were selected randomly and placed in
90 mm diameter petri dishes on whatman No.1 and filter paper was moistened
with 8 ml of distilled water. Here, whatman No.1 filter paper were used as
growth media for germination. Experimental units (55 Petri dishes) were
arranged factorialy in a completely randomized design with five replications.
During the test filter papers in the Petri dishes were kept saturated condition
with water. Seeds were kept at room temperature 25£1°C under normal light to
facilitate germination for 7 days. Germination was considered to have occurred
when radicles were 2 mm long(Akbari, Sanavy, and Yousefzadeh, 2007).
Germination progress was inspected and data were collected at every 24 h
intervals and continued up to 7 days. The seedlings with short, thick and spiral
formed hypocotyls and stunted primary root were considered as abnormally
germinated seeds (ISTA, 2003). These types of abnormal or dead seedlings
were excluded during counting. At the end of germination test (7 days), 5

seedlings from each of the treatments were selected randomly and roots and

28



shoots were cut from the cotyledons and were transferred to brown paper. Then

these seedlings were dried in an oven at 75x2°C for 48 hours.
3.6.3 3" experiment

Germination behavior of primed Seed (mungbean) under salt (NacCl)

stress condition.
3.6.3.1Weight of seeds

Seeds were weighted 200gfrom the total seed of BARI Mung-6 for this

experiment to reduce the unnecessary loss of seeds.
3.6.3.2 Surface treatment

Seeds were initially treated with 5% solution of sodium hypochlorite for 5 min
for surface sterilization. The sterilized seeds were rinsed 2 min with distilled
water for 3 times to reduce the residual chlorine from the seed surface. Seeds

were then dried in room temperature to regain the normal weight.
3.6.3.3 Treatments

This experiment was comprises of osmopriming and hydropriming with four
salt stress levels (50mM, 100mM, 150mM and 200mM). Salt stress was
simulated by highly osmotic substance Nacl of molecular weight (MW) 58.5
g/L.

The treatments are as follows:

1. T,= Primed (mannitol and water) and non-primed (control) seeds
placed without salt (control),

2. T,= Primed (mannitol and water) and non-primed (control) seeds
placed with 50 mM salt,

3. Tz= Primed (mannitol and water) and non-primed (control) seeds
placed with 100 mM salt,

4. T,= Primed (mannitol and water) and non-primed (control) seeds
placed with 150 mM salt and

29



5. Ts= Primed (mannitol and water) and non-primed (control) seeds
placed with 200 mM salt.

3.6.3.4 Priming solutions and time

6% mannitol solution and distilled water were used as priming solutions and 6

hours as priming time.

3.6.3.5Preparation of priming solutions
a) Mannitol solutions (6%b)
Fifteen g of mannitol was dissolved in 250 ml of water to prepare 6%
solution of mannitol.
b) Distilled water
Distilled water was collected from the laboratory of Sher-e-Bangla
Agricultural University (SAU).

3.6.3.6 Preparation of stress solutions
Salt (Nacl) solutions (50mM, 100mM, 150mM and 200mM)

0.731 g of sodium chloride (Nacl) was dissolved in 250 ml of water to prepare
50mM solution of salt (Nacl). Similarly, 1.436 g, 2.18 g, 2.925 g sodium
chloride (Nacl) was dissolved in 250 ml of water to prepare 100mM, 150mM

and 200mM solution of mannitol, respectively.
3.6.3.7 Priming technique

Two priming techniques viz., osmopriming and hydropriming were applied on
BARI Mung-6.The surface sterilized seeds were sub-sampled into three parts.
One of the sub-samples was considered as control (unprimed) and the other two
sub-samples were primed with priming chemicals. Seeds of a sub-sample were
soaked in distilled water for hydropriming and seeds of another sub-sample
were pretreated with mannitol for osmopriming at a concentration of 6% for 6
hours, respectively.Priming is done in different plastic containers covered with

lids to prevent evaporation loss.All seeds were removed from the priming
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solution at the same time. The primed seeds were rinsed thoroughly with
distilled water for three times and dried lightly using blotting paper and finally
air dried near to original weight (Umair et al., 2011) in room temperature for

24 hours back to the original moisture level.

3.6.3.8 Germination of seeds

The standard germination test was performed by placing randomly selected 30
seeds in 90-mm-diameter Petri disheson whatman No.1.Petri dishes containing
primed and control seeds were irrigated with solutions of8 ml salt stress levels.
Here whatman No.1 filter paper were used as growth media for
germination.Experimental units (75 Petri dishes) were arranged factorialy in a
completely randomized design with five replications. During the test filter
papers in the Petri dishes were kept water saturated state. Seeds were kept at
room temperature 25+1°C under normal light to facilitate germination for 7
days. Germination was considered to have occurred when radicles were 2 mm
long(Akbari, Sanavy, and Yousefzadeh, 2007). Germination progress was
inspected and data were collected at every 24 h intervals and continued up to 7
days. The seedlings with short, thick and spiral formed hypocotyls and stunted
primary root were considered as abnormally germinated seeds (ISTA, 2003).
These types of abnormal or dead seedlings were excluded during counting. At
the end of germination test (7 days), 5 seedlings from each of the treatments
were selected randomly and roots and shoots were cut from the cotyledons and
were transferred to brown paper. Then these seedlings were dried in an oven at
75+2°C for 48 hours.

3.7 Data recording

Parameters that are measured as follows:
3.7.1 Total germination (TG%)

Total germination (TG) was calculated as the number of seedswhich was
germinated within 7 daysas a proportion of number of seeds shown in each

treatment,expressed as a percentage(Othman et al., 2006).
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TG (%) - numberof germinatedseeds x 100.

totalnumberofseedssetforgermination

3.7.2 Mean germination time (MGT)

Mean germination time (MGT) was calculated according to the equation of
Moradi Dezfuli et al.(2008).

x0n
Sn

MGT =

Where,

n = number of seeds germinated on day D, and

D = number of days counted from the beginning of germination.

3.7.3 Germination index (GI)

Germination index (GI) was calculated as described in the Association of

Official Seed Analysts (1983) as the following formulae:

. . . Gt
Germination index = =

Where,

Gt = number of seeds germinated on day t and
Tt = the number of germinated seeds at time Ti.
3.7.4 Coefficient of velocity (CV)

Coefficient of velocity (CV)= (number of germinated seeds per day) is

measured according to Kader and Jutzi (2004) formula.
CV=(¥Ni /100) x (3. Ti Ni)

Where,

Ti= number of days after sowing and

Ni = number of seeds germinated on ith day.
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3.7.5Energy of emergence (EG %)

Energy of emergence (EG) was recorded on the 4th day after planting. It is the
percentage of germinating seeds 4 days after planting relative to the total
number of seeds tested (Ruanet al., 2002a). Energy of emergence expressed in

percentage.
3.7.6 Shoot (mm), root (mm) and seedling length (mm)

Randomly selected 5 seedlings from each treatment were collected and
cotyledons were removed from them. Shoot, root and seedling length was

measured with a ruler and accuracy of measurement was 1 mm.
3.7.7Seedling dry weight(mg)

The dried radicles and shoots were weighted to the nearest milligram (mg) and
the mean radicle and shoot dry weight and consequently mean seedling dry
weight were determined with a electric balance.

3.7.8 Vigour Index (VI)

Vigour Index (VI) was calculated fromtotal germination and seedlings length
by using the formula of Abdul- Baki and Anderson (1970).

_ TG (%) x seedlings length (mm)
100

Vi

Here,
TG = total germination.
3.8 Statistical analysis

The data obtained for different parameters were statistically analyzed to
observed the significant difference among the treatment. The mean value of all
the parameters was calculated and analysis of variance was performed. The
significance of difference among the treatments means was estimated by the
Duncan’s Multiple Range Test (DMRT)according to Steel et al.(1997)at 5%
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level of probability. A computer software SPSS 20 was used to carry out the

statistical analysis. Drawings were made using Excel software.
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CHAPTER IV

RESULTS AND DISCUSSION

This chapter comprises presentation and discussion of the results obtained from
a study to investigate the effect of seed priming with mannitolon the
enhancement of satl tolerance capability in mungbean varieties cv. BRRI
mung-6 and BU-4. The results of the germination and growth parameters of
mungbean as influenced by different concentrationsof priming agent (mannitol)
and priming time in salt stress condition have been presented and discussed in

this chapter.

4.1 Experiment 1:Study on the effect of different concentrations of

Mannitol on the germination behavior of mungbean.

Results obtained from the present study regarding the effects of different
concentrations of mannitolon the germination behavior of mungbean varieties
cv. BRRI mung-6 and BU-4 have been presented, discussed and compared in
this chapter. The analytical results have been presented in Figures 1 to 10 and

Appendices Ito X.
4.1.1 Effect on total germination (%)

There was no significant variation observed on total germination percentage at
T, Ts and Tgtreatment for varietal variation but significant variation was
observed at T,, T, and Tstreatment(Figure 1 and Appendix I)priming with
different concentrations of mannitol and water. Total germination percentage
increased withmannitol concentration upto 6% and 2% forBARI Mung-6 and
BU-4, respectively thereafter decreased due to increasing concentration of
mannitol. The highesttotal germination(89.99 %) of BARI Mung-6 was
observed from T treatment compare tototal germination (85.21 %)of BU-4was
observed in T; treatment. The lowestgerminationpercentage(58.88 %)forBU-

4was found in T, treatment.Total germination ofBARI Mung-6 was higher than
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BU-4. These findings are consistentof the results of Mohseni et al. (2010)
where they observed the highest germination percentage with water, and the

least germination percentage with 4% KCL and 2% KNOs.
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Figure 1. Effect of different concentrations of priming solution on total
germination percentage of primed (mannitol and water) and non-primed
(control) seeds. (SE=1.925, 7.285, 1.925, 1.925, 1.925, 3.848, 1.925, 2.939,
5.089, 1.922,2.939 and 2.939)

T,= Dry seeds;T,= Seeds socked with water for 12 hours;T;=Seeds socked with 2% mannitol solution

for 12 hours; T,=Seeds socked with 4% mannitol solution for 12 hours; Ts=Seeds socked with 6%
mannitol solution for 12 hours and Tg=Seeds socked with 8% mannitol solution for 12 hours.

4.1.2 Effect on mean germination time(days)

Different concentrations of mannitol solutions and waterpriming differed
significantly in mean germination time of BARI Mung-6 andBU-4(Figure 2
and Appendix Il). Mean germination time was affected by water priming and
different mannitol concentration. With increasing mannitol concentrationmean
germination timedecrease gradually upto Ts andTstreatmentforBARI Mung-6
and BU-4,respectively and thereafter increased with increasing mannitol
concentration. The longestmean germination time(6.61days) was observed for
BARI Mung-6 from Ty treatment compare tomean germination time(5.41
days)of BU-4 was found at Tjtreatment. The shortest meangermination time
(4.46days) was found in Ts treatmentcompare tomean germination time (4.52

days)was foundin T; treatment ofBARI Mung-6 and BU-4, respectively. Mean
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germination time for primed seeds is less than non-primed seeds.Such these
positive effects isprobably due to stimulatory effects of seed priming on
biochemical activities and meiosis during primary stages of germination
(Sirritepeet al., 2003). In corn seedMohseniet al. (2010) shows that the most
germination time is observed for treatments with 10% PEG and 2% KCL, and
the least time is observed for treatment with 2% KNO3;. However Nascimento
and West (1999) reported early germination of primed seeds but not recorded
any improvement in the growth of seedlings in muskmelon seeds under

laboratory conditions.
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Figure 2. Effect of different concentrations of priming solution on mean
germination time(days) of primed (mannitol and water) and non-primed
(control) seeds. (SE= 0.249, 0.214, 0.191, 0.018, 0.049, 0.027, 0.023, 0.016,
0.856, 0.054, 0.678 and 0.018)

T, = Dry seeds; T, = Seeds socked with water for 12 hours; T3 = Seeds socked with 2% mannitol solution
for 12 hours; T,= Seeds socked with 4% mannitol solution for 12 hours; Ts= Seeds socked with 6%
mannitol solution for 12 hours and T = Seeds socked with 8% mannitol solution for 12 hours.

4.1.3 Effect on germination index

Germination index of BARI Mung-6and BU-4 was influenced by different
priming agent (Figure 3) and variance analysis showed that there was
significant difference between control (non-primed) and primed seed
(Appendix I11).Germination index was affected by water priming and different

mannitol concentration.Resultsreveled thatgermination index increasedupto 6
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% for variety BARI Mung-6and upto 2 % for variety BU-4 in
mannitolconcentration and then decreased slightly.Highest germination index
(48.64) was recorded in Tg treatment compare to germination index (46.61)
was recorded from T; treatment forBARI Mung-6 and BU-4, respectively.The
lowest germination index (25.14)forBU-4was found in T, treatment.
Germination index of BARI Mung-6 was higher thanBU-4.Rashid et al. (2005)
concluded that priming of seeds with water before implantation leads to early
germination, better establishment and increase of function in some of the crops

in unfavorable conditions.
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Figure 3. Effect of different concentrations of priming solution on
germination index of primed (mannitol and water) and non-primed
(control) seeds.(SE= 0.682, 2.324,
1.210,1.092,1.210,1.820,1.210,1.356,0.670,1.074,1.124 and 1.69404)

T, = Dry seeds;T, = Seeds socked with water for 12 hours; T3 = Seeds socked with 2% mannitol solution

for 12 hours; T,= Seeds socked with 4% mannitol solution for 12 hours; Ts= Seeds socked with 6%
mannitol solution for 12 hours and Tg= Seeds socked with 8% mannitol solution for 12 hours.

4.1.4 Effect on coefficient of velocity

Significant variation was observed in terms of coefficient of velocity for BARI
Mung-6 and BU-4 due to priming with different mannitol concentrations and
water except Ts, T, and Ts treatment(Appendix 1V and Figure 4). Coefficient of
velocity increased with increasingmannitol concentration upto Ts treatment and

Tstreatment for BARI Mung-6 and BU-4, respectively and thereafter decreased
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gradually. The maximum coefficient of velocity (21.04)of BARI Mung-6 was
observed from Ts treatment compare tocoefficient of velocity (20.21) of BU-
4was observed from T; treatment. The minimumcoefficient of velocity (19.79)
was found for BARI Mung-6and (19.17) forBU-4was found in T, treatment,
respectively.Improving germination and coefficient of velocity in treated
fenugreek seeds may be explained by an increase of cell division in the seeds
(Gallaiset al., 2000).
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Figure 4. Effect of different concentrations of priming solution on
coefficient of velocity of primed (mannitol and water) and non-primed
(control) seeds. (SE= 0.142, 0.096840.176, 0.076, 0.310, 0.114, 0.189, 0.063,
0.477, 0.215,0.265 and 0.078)

T, = Dry seeds;T, = Seeds socked with water for 12 hours;T; = Seeds socked with 2% mannitol solution

for 12 hours; T,= Seeds socked with 4% mannitol solution for 12 hours; Ts= Seeds socked with 6%
mannitol solution for 12 hours and T = Seeds socked with 8% mannitol solution for 12 hours.

4.1.5 Effect on energy of emergence (%)

Energy of emergence showed no significant variation for BARI Mung-6
andBU-4 ondifferent concentrations of mannitol and water priming except T,
and T, treatment (Appendix V and Figure 5). Result showed that energy of
emergence increase with increasing mannitol concentration upto 6 % and 2 %
for BARI Mung-6 and BU-4, respectively and therefore decreased slightly.The
highest energy of emergence(94.99 %) was recorded for BARI Mung-6 in Ts

treatment compare to energy of emergence (87.88 %) of BU-4 was recorded in
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T; treatment. The lowest energy of emergence (49.72 %) was recorded for BU-
4 in T, treatment.Faster emergence rate after priming may be explained by an
increased rate of cell division in the root tips as previously found for wheat
(Triticumaestivum) (Bose and Mishra, 1992; Basra et al., 2002) and fine rice
(Oryza sativa) (Basra et al., 2003).
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Figure 5. Effect of different concentrations of priming solution on energy
of emergence (%) of primed (mannitol and water) and non-primed
(control) seeds. (SE= 1.925, 4.935, 2.939, 2.467, 2.547, 3.887, 1.820, 2.733,
1.734, 2.886, 2.5 and 3.377)

T, = Dry seeds;T, = Seeds socked with water for 12 hours; T3 = Seeds socked with 2% mannitol solution

for 12 hours; T,= Seeds socked with 4% mannitol solution for 12 hours; Ts= Seeds socked with 6%
mannitol solution for 12 hours and T = Seeds socked with 8% mannitol solution for 12 hours.

4.1.6 Effect on shoot length (mm)

Significant variation was observed on shoot length among the two varieties
(BARI Mung-6 and BU-4) priming with different concentration of mannitol
and water (Appendix VI and Figure 6). Shoot length increase with Ts and Tj
treatmentfor BARI Mung-6 and BU-4, respectively and therefore decrease with
the increasing mannitol concentration.The maximumshoot length (121.6 mm)
was recorded for BARI Mung-6 in Tg treatmentcompare toshoot length of BU-
4 (94.93 mm)was recorded in T treatment.Shoot length of BARI Mung-6 was

higher thanBU-4. Treated seeds had high germination percentages and quicker
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germination time. One hypothesis is that benefits of priming can be due to
metabolic repair of damage during treatment and that change in germination
events i.e., changes in enzyme concentration and formation and reduces lag
time between imbibition and radicle emergence (Bradford et al., 1990). Better
genetic repair, i.e. earlier and faster synthesis of DNA, RNA and proteins are
also some of the basis for enhanced growth (Bray et al., 1989). Gray and
Steckel (1983) also concluded that priming increased embryo length, which

resulted in early initiation of germination in carrot seeds.
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Figure 6. Effect of different concentrations of priming solution on shoot
length (mm) of primed (mannitol and water) and non-primed (control)
seeds of mungbean (BARI Mung-6 and BU-4) (SE= 0.768, 1.101, 4.596,
0.945 6.905, 1.425, 3.3,0.635, 5.820,1.058,1.763 and 4.277)

T, = Dry seeds; T, = Seeds socked with water for 12 hours;T; = Seeds socked with 2% mannitol solution

for 12 hours; T,= Seeds socked with 4% mannitol solution for 12 hours; Ts= Seeds socked with 6%
mannitol solution for 12 hours; and Tg= Seeds socked with 8% mannitol solution for 12 hours.

4.1.7 Effect on root length (mm)

Statistically significant variation was recorded in terms of root length of BARI
Mung-6 andBU-4 due to priming with water and different mannitol
concentrations (Appendix VII and Figure 7).Root length was affected by water
priming and different mannitol concentration.Root length increase with Ts and
T; treatment for BARI Mung-6 and BU-4, respectively and therefore decrease

with the increasing mannitol concentration.The maximum root length(53.66
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mm)was observed from T; treatment forBU-4 comparetoroot length (45.73
mm) was observed from Ts treatment forBARI Mung-6. The minimumroot
length (28.20 mm) was found in Tg treatmentforBARI Mung-6 and root length
(41.53 mm)was found in T,treatmentforBU-4.Root length of BU-4 was higher
than BARI Mung-6. From current findings; root length and dry root mass
increase with mannitol in rice is confirming the previous results of many
scientists practiced in different crops (Nighatet al., 2006; Nishimura et al.,
2011; Hoekstra et al., 2001).
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Figure 7. Effect of different concentrations of priming solution on root
length (mm) of primed (mannitol and water) and non-primed (control)
seeds. (SE= 0.952, 2.45 1.328, 1559, 1.234 1.271, 1.79, 4.129, 1.396,
3.468,1.396 and 3.246)

T, = Dry seeds; T, = Seeds socked with water for 12 hours;T; = Seeds socked with 2% mannitol solution
for 12 hours; T,= Seeds socked with 4% mannitol solution for 12 hours; Ts= Seeds socked with 6%
mannitol solution for 12 hours and Tg= Seeds socked with 8% mannitol solution for 12 hours.

4.1.8Effect on seedling length (mm)

Seedling length of BARI Mung-6 and BU-4 showed significant variation due to
priming with different mannitol concentrationsand water (Appendix VIII and

Figure 8).Seedling length increase with Ts and T; treatment for BARI Mung-6
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and BU-4, respectively and therefore decrease with the increasing mannitol
concentration. The maximum seedling length(174.73 mm) was observed
forBARI Mung-6from Ts treatmentcomparetoseedling length (137.00 mm) of
BU-4 was recorded in T3 treatment.Seedlings length of BARI Mung-6 was
higher thanBU-4. Seedlings length was higher in seeds treated with water,
mannitol and lower concentration of K,HPO, and KNO; as compared to
seedlings grown from no treated Chickpea seed (Nighat, Sumaira and Farhat,
2006).
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Figure 8. Effect of different concentrations of priming solution on seedling
length (mm) of primed (mannitol and water) and non-primed (control)
seeds.(SE= 0.24, 1.109, 2.444,0.466, 7.975, 0.466, 5.011, 1.804, 6.293, 5.228,
8.959 and 2.066)

T, = Dry seeds; T, = Seeds socked with water for 12 hours;T; = Seeds socked with 2% mannitol solution

for 12 hours; T,= Seeds socked with 4% mannitol solution for 12 hours; Ts= Seeds socked with 6%
mannitol solution for 12 hours and T = Seeds socked with 8% mannitol solution for 12 hours.

4.1.9 Effect on seedling dry weight (mg)

Statistically significant variation was found in case of seedling dry weightof
BARI Mung-6 andBU-4 due to priming with different mannitol
concentrationsand water (Appendix IX and Figure 9). Dry weight was affected
by water priming and different mannitol concentration. Dry weight increase

with Ts and T3 treatment for BARI Mung-6 and BU-4, respectively and
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therefore decrease with the increasing mannitol concentration. Results revealed
that the highest seedling dry weight (124.9 mg) was recorded in Ts treatment
for BARI mung-6 compare toseedling dry weight (108.26 mg) was recorded in
T; treatmentforBU-4.Seedling dry weight of BARI Mung-6 was higher
thanBU-4.These results are in agreement with those of Pill and Necker (2001)
who reported that primed compared to non-primed plants resulted in greater

seedling dry weights.
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Figure 9. Effect of different concentrations of priming solution on seedling
dry weight (mg) of primed (mannitol and water) and non-primed (control)
seeds. (SE= 0.929, 1.001, 1.338, 1.996, 1.246, 1.934, 0.723, 1.017, 1.246,
0.578, 0.902 and 1.401)

T, = Dry seeds;T, = Seeds socked with water for 12 hours; T3 = Seeds socked with 2% mannitol solution

for 12 hours; T,= Seeds socked with 4% mannitol solution for 12 hours; Ts= Seeds socked with 6%
mannitol solution for 12 hours and T = Seeds socked with 8% mannitol solution for 12 hours.

4.1.10Effect on vigour index

Priming with different concentrations of mannitol and watershowed significant
variation in vigor index of BARI Mung-6 andBU-4 (Appendix X and Figure
10). Vigor index was affected by water priming and different mannitol
concentration. Vigor index increased significantly upto Ts and T; treatment for
BARI Mung-6 and BU-4, respectively and thereafter decreased drastically with

the increasing mannitol concentration. The highest vigor index (157.00) of
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BARI Mung-6 was recorded from Ts treatmentcompare to vigour index
(123.30) was recorded in T3 treatment for BU-4. On the other hand, the
minimum vigourindex (67.31) was found in T, treatmentfor BU-4which was
statistically similar with Tg (69.92)treatment.Grandiet al. (1999) found that P
enrichment by soaking seeds in 200 mM KH,PO, solution improved the
seedlings establishment. The increased vigour of P-enriched seed might be due
to increased P content both inside the seeds and on the seed surfaces which
leads to better establishment of seedlings (Bolland and Baker 1988; Zhang et
al., 1990; Thomson and Bolger 1993; Roset al., 1997). Similarly, the increase
in seedling vigour due to salicylic acid may be due to enhanced oxygen uptake
and the efficiency of mobilizing nutrients from the cotyledons to the embryonic
axis (Karthiresanet al., 1984) and decreased catalase and peroxidase levels as

recorded in pea seedlings (Srivastava and Dwivedi, 1998).
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Figure 10. Effect of different concentrations of priming solution on vigour
index of primed (mannitol and water) and non-primed (control)
seeds.(SE= 16.098, 6.133, 2.694 3.065, 9.699, 2.286, 2.858, 5.657, 9.699,
2.022, 2.276and 3.927)

T, = Dry seeds; T, = Seeds socked with water for 12 hours; T; = Seeds socked with 2% mannitol
solution for 12 hours; T, = Seeds socked with 4% mannitol solution for 12 hours; Ts= Seeds socked
with 6% mannitol solution for 12 hours and Tg= Seeds socked with 8% mannitol solution for 12 hours.
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4.2 Experiment 2:Optimization of pre-sowing priming time on the
germination behavior of mungbean.

Results obtained from the present study regarding the effects of different
priming time of mannitol and wateron the germination behavior of
mungbean(BRRI mung-6) have been presented, discussed and compared in this
chapter. The analytical results have been presented in Figures 11 to 20 and
Appendices lto XX.

4.2.1 Effect on total germination (%)

The total germination percentagewas significantly influenced by priming
(water and mannitol) time (Appendix XI and Figure 11). Totalgermination
percentage gradually decrease after 6 hours in both water and mannitol
priming. Results revealed, highest total germination percentage (81.11 %) was
recorded from Mg treatment which was statistically similar with Wg(71.1 %)
and My (75.55 %)treatment, on the other hand the lowest total germination
percentage (47.77 %) was observed from W,y treatment. The probable reason
for enhancement of percentage and uniformity of germination of the
hydroprimed andmannitol primed seed may be due to the completion of pre-
germination process such as repair and synthesis of nucleic acids (DNA and
MRNA), protein, repair of membranes (Bewley, 1997; McDonald, 2000;
Jowkaret al., 2012) and induction of a range of biochemical changes enzymes
activation (Wattanakulpakinet al., 2012).Yariet al. (2010a) observed
thehighestgermination percentage in wheat seeds when treated with PEG

during 12 hours of priming.
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Figure 11. Effect of different priming time on total germination percentage
of primed (mannitol and water) and non-primed (control) seeds. (SE=
1.925,3.333,2.939,1.922,1.11,2.939,2.939,2.223,2.939,2.939 and1.113)

W, = Dry seeds;Wg = Seeds primed with water for 6 hours;Wgy = Seeds primed with water for 9
hours;W,, = Seeds primed with water for 12 hours; W15 = Seeds primed with water for 15 hours; Wg=
Seeds primed with water for 18 hours;Mg = Seeds primed with 6% mannitol solution for 6 hours;Mg=
Seeds primed with 6% mannitol solution for 9 hours;Mj, = Seeds primed with 6% mannitol solution for

12 hours;My5 = Seeds primed with 6% mannitol solution for 15 hours and Myg = Seeds primed with 6%
mannitol solution for 18 hours.

4.2.2 Effect on mean germination time (days)

Significant variation of mean germination timewas found due to primingwith
water andmannitol solution (Appendix XII and Figure 12). With increasing
priming time mean germination time was increased in case of both water and
mannitol primingwith Ws and Mg treatment. However, the minimum mean
germination time(4.79 days) was recorded in Mg treatment which was
statistically similar with Wg, Wy, W1, and Mg treatments. The maximum mean
germination time (5.20 days) was recorded in Wiygtreatment which was
statistically similar withWg (5.07 days) treatment. Afzalet al. (2004) also found
that the osmopriming (jutemat) proved to be the best priming agent in reducing
the time to 50%germination and mean germination time among all priming
treatments. During emergence test, priming treatments i.e; osmopriming (jute
mat) for 24 hours reduced the time to 50% emergence and mean emergence

time.
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Figure 12. Effect of different priming time on mean germination time
(days) of primed (mannitol and water) and non-primed (control)
seeds.(SE= 0.048,0.029,0.023,0.027,0.033,0.153,0.02,0.014,0.012,0.02
and0.038)

W, = Dry seeds;Wg = Seeds primed with water for 6 hours;Wgy = Seeds primed with water for 9
hours; W, = Seeds primed with water for 12 hours; W15 = Seeds primed with water for 15 hours; Wg=
Seeds primed with water for 18 hours;M¢ = Seeds primed with 6% mannitol solution for 6 hours;Mg=
Seeds primed with 6% mannitol solution for 9 hours;Mj, = Seeds primed with 6% mannitol solution for

12 hours;M ;5 = Seeds primed with 6% mannitol solution for 15 hours and Mg = Seeds primed with 6%
mannitol solution for 18 hours.

4.2.3 Effect on germination index

Different priming time with water and mannital solution exhibited significant
variation in respect of germination index (Appendix XIIl and Figure 13).
Germination index decreased with increasingthe priming time after 6 hours in
both water and mannitol priming.The highest germination index (51.08) was
found in Mg treatmentwhich was statistically similar with Wg, Wy, W15, Mo,
M, and M5 treatments whereas, the lowestgermination index (28.94) was
recorded in Mg treatmentwhich was statistically similar with W, (35.34)
treatment.Increasing germination index in primed seeds as compared with non-
primed seeds is due to time duration of water uptake in hydro and
osmopriming. In other words, water uptake rate in priming period is slow and
seeds had enough time to complete the pre-germination process (Varieret al.,
2010).
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Figure 13. Effect of different priming time on germination index of primed
(mannitol and water) and non-primed (control) seeds.(SE=
1.338,0.553,1.25,1.119,0.763,1.918,0.640,1.177,0.459,0.763 and1.4316)

W, = Dry seeds;Wg = Seeds primed with water for 6 hours;Wgy = Seeds primed with water for 9
hours;W,, = Seeds primed with water for 12 hours; W15 = Seeds primed with water for 15 hours; Wg=
Seeds primed with water for 18 hours;M¢ = Seeds primed with 6% mannitol solution for 6 hours;Mg=
Seeds primed with 6% mannitol solution for 9 hours;Mj, = Seeds primed with 6% mannitol solution for

12 hours;M ;5 = Seeds primed with 6% mannitol solution for 15 hours and Mg = Seeds primed with 6%
mannitol solution for 18 hours.

4.2.4 Effect on coefficient of velocity

Coefficient of wvelocity was not significantly influenced by priming
timewithwater andmannitol solution (Appendix XIV and Figure 14). Results
revealed thatcoefficient of velocity was found highest (21.69) at Mg treatment
whichwas statistically similar with W¢(20.6), W,(20.49),
W;5(20.45),W;5(20.4),W15(20.30, Mg(20.73), Mi»(20.51), M;5(20.45) and
M15(20.38) treatments.On the other hand, the lowest (19.69) coefficient of
velocity was found in W,gtreatment.Bose and Mishra (1992) found
that,improvement in germination and coefficient of wvelocity in treated

fenugreek seeds occur due to increasement of cell division in the seeds.
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Figure 14. Effect of different priming time on coefficient of velocity of
primed (mannitol and water) and non-primed (control) seeds.(SE=
0.193,0.095,0.111,0.034,0.126,0.09,0.86,0.136,0.057,0.034 and0.049)

W, = Dry seeds;Wg = Seeds primed with water for 6 hours; Wg = Seeds primed with water for 9
hours; W, = Seeds primed with water for 12 hours; W15 = Seeds primed with water for 15 hours; Wg=
Seeds primed with water for 18 hours; Mg = Seeds primed with 6% mannitol solution for 6 hours; Mg=
Seeds primed with 6% mannitol solution for 9 hours; M, = Seeds primed with 6% mannitol solution

for 12 hours; M5 = Seeds primed with 6% mannitol solution for 15 hours and Mg = Seeds primed with
6% mannitol solution for 18 hours.

4.2.5 Effect on energy of emergence (%)

The results regarding energy of emergence of mungbean in different priming
time with water and mannitol concentrations (Appendix XV and Figure 15)
showed that energy of emergence differed significantly with increasing priming
time. After 6 hoursenergy of emergence increased with increasing priming time
of both water and mannitolconcentrations. The highestenergy of
emergence(93.05 %) was recorded in Mg treatment whichwas statistically
similar with W4(91.66 %), Wy(88.60 %), W1,(87.22 %),Mq(90.77 %), and
M,(88.05 %) treatments. The lowestenergy of emergence (58.60 %)was
recorded in Wyg treatment. Priming up to a limit can have positive effect, while
extended priming duration will negatively affect germination (Bradford, 1986).
Hydrolysis and leaching of certain chemicals from the seed to the aqueous
solution, due to priming beyond certain limit, may act as germination inhibitors

(Hopkins, 1995). Farooget al. (2006a) reported delayed and poor germination
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andenergy of emergence due to over priming in rice. Similarly, Harris et al.

(2001) also observed damage to seeds of chickpea due to over-soaking.
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Figure 15. Effect of different priming time on energy of emergence (%) of
primed (mannitol and water) and non-primed (control) seeds.(SE=
3.818,1.666,2.274,1.691,2.819,3.053,1.211,1.113,0.553,2.003 and 4.149)

W, = Dry seeds;Wg = Seeds primed with water for 6 hours; Wy = Seeds primed with water for 9
hours;Wy, = Seeds primed with water for 12 hours; W15 = Seeds primed with water for 15 hours; W=
Seeds primed with water for 18 hours;Mg = Seeds primed with 6% mannitol solution for 6 hours; Mg =
Seeds primed with 6% mannitol solution for 9 hours; My, = Seeds primed with 6% mannitol solution

for 12 hours; M5 = Seeds primed with 6% mannitol solution for 15 hours and Mg = Seeds primed with
6% mannitol solution for 18 hours.

4.2.6 Effect on shoot length (mm)

Different priming time of water andmannital solution exhibited significant
variation in respect of shoot length (Appendix XVI and Figure 16). Shootlength
significantlydecreased with the increasing priming time after 6 hours in both
water and mannitol priming. The maximumshootlength (76.13 mm) was found
in Wetreatment whichwas statistically similar with Mg(72.60 mm) treatment.
The minimum shoot length (40.93 mm) was found in W;g treatment whichwas
statistically similar with Mg (42.13 mm) treatment.Zarehet al. (2006) indicated
that priming of wheat seed with GAsgermination decreased but has a positive
effect on shoot growth. WunGuanget al. (2009) reported that when pelleted
seeds of tobacco were germinated under 25°C, the priming treatment of 100

mg/L GAz under 25°C and 20°C for 36 hours were better than other treatments.
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Figure 16. Effect of different priming time on shoot length (mm) of primed
(mannitol and water) and non-primed (control) seeds.(SE=
0.926,1.041,0.437,2.45,0.945,0.819,1.921,0.808,1.271,1.266 and0.352)

W, = Dry seeds;Wg = Seeds primed with water for 6 hours; Wg = Seeds primed with water for 9
hours; W, = Seeds primed with water for 12 hours; W15 = Seeds primed with water for 15 hours; Wg=
Seeds primed with water for 18 hours; Mg = Seeds primed with 6% mannitol solution for 6 hours; Mg=
Seeds primed with 6% mannitol solution for 9 hours; M, = Seeds primed with 6% mannitol solution

for 12 hours; M5 = Seeds primed with 6% mannitol solution for 15 hours and Mg = Seeds primed with
6% mannitol solution for 18 hours.

4.2.7 Effect on root length (mm)

Statistical analysis showed significant variation on root length with different
priming time of water andmannitol solution (Appendix XVII and Figure
17).Seeds treated with Wg and Mg treatment,root length decrease significantly
with increasing priming time.Results revealed that,maximum root length (58.67
mm) was obtained atMg treatment.On the other hand, the minimum root length
(38.06 mm) was obtained at W,g treatmentwhich was statistically similar with
W;5(40.8 mm)and Mg (40.06 mm) treatments. Radicle length in both
cultivarsdecreased with increasing priming time. The results of the present
study are in agreementwith observations of Yariet al. (2010b) who reported
that maximum radicle length of cultivar Sardari was obtained at 20% PEG6000

solution primed for 24h.
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Figure 17. Effect of different priming time on root length (mm) of primed
(mannitol and water) and non-primed (control) seeds.(SE=
0.757,1.392,2.193,1.367,1.137,1.156,0.768,0.656,1.713, 0.832 and1.156)

W, = Dry seeds;Wg = Seeds primed with water for 6 hours;Wgy = Seeds primed with water for 9
hours;W,, = Seeds primed with water for 12 hours; W15 = Seeds primed with water for 15 hours; Wg=
Seeds primed with water for 18 hours;Mg = Seeds primed with 6% mannitol solution for 6 hours;Mg=
Seeds primed with 6% mannitol solution for 9 hours;Mj, = Seeds primed with 6% mannitol solution for

12 hours;My5 = Seeds primed with 6% mannitol solution for 15 hours and Myg = Seeds primed with 6%
mannitol solution for 18 hours.

4.2.8 Effect on seedling length (mm)

Significant variation was found in respect of seedling length with different
priming time of water and mannitol solution (Appendix XVIII and Figure 18).
Seedling length was significantly decreased after 6 hours of priming time in
both water and mannitol priming. The highest seedling length (116.20 mm)
was found in Mg treatment which was statistically similar with Wg (114.6
mm)and Mg (111.26 mm) treatments. On the other hand, the lowest seedling
length (81.73 mm) was found in Mg treatment.Elkocaet al. ( 2007),
recommended that hydropriming for 12 h or osmopriming (PEG -0.5 MPa) for
24 h for a better germination of chickpeas under cold soil conditions.
Compared to hydro priming, priming with PEG in a proper priming time was
found to have a better effect on seed germination and seedling growth (Yuan-
Yuan et al., 2010).
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Figure 18. Effect of different priming time on seedling length (mm) of
primed (mannitol and water) and non-primed (control) seeds of mungbean
(BARI Mung-6) (SE=
0.896,2.306,1.7,1.385,0.832,1.65,2.193,0.545,2.924,3.061 and1.527)

W, = Dry seeds;Wg = Seeds primed with water for 6 hours;Wgy = Seeds primed with water for 9
hours;W,, = Seeds primed with water for 12 hours; W15 = Seeds primed with water for 15 hours; Wg=
Seeds primed with water for 18 hours;M¢ = Seeds primed with 6% mannitol solution for 6 hours;Mg=
Seeds primed with 6% mannitol solution for 9 hours;Mj, = Seeds primed with 6% mannitol solution for

12 hours;M ;5 = Seeds primed with 6% mannitol solution for 15 hours and Mg = Seeds primed with 6%
mannitol solution for 18 hours.

4.2.9 Effect on seedling dry weight (mg)

Seedling dry weight was significantly influenced by different priming time
with water andmannitol solution (Appendix XIX and Figure 19). Significant
decreased was occurred in respect of seedling dry weight at Mg and W;
treatments with increasing priming time.Results revealed that Mg treatment
showed the maximum seedling dry weight(120.93 mg).The lowest seedling dry
weight (77.20 mg) was recorded in Wyg treatment which was statistically
similar with Mg(77.86 mg) treatment. This result is inverse with
MoradiDezfuliet al. (2008) who indicated that PEG6000 soakedseeds did not
act well from germination point of view, possibly due to low osmotic potential
of the solution or long priming duration. Sharifzadehet al. (2006) also found
that osmopriming of wheat had no positive significant effect on germination

characteristics.
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Figure 19. Effect of different priming time on seedling dry weight (mg) of
primed (mannitol and water) and non-primed (control) seeds.(SE=
1.738,1.228,1.505,0.986,0.926,0.96,0.731,1.008, 1.058,1.017 and 0.775)

W, = Dry seeds;Wg = Seeds primed with water for 6 hours; Wg = Seeds primed with water for 9
hours; W, = Seeds primed with water for 12 hours; W15 = Seeds primed with water for 15 hours; Wg=
Seeds primed with water for 18 hours; Mg = Seeds primed with 6% mannitol solution for 6 hours; Mg=
Seeds primed with 6% mannitol solution for 9 hours; M, = Seeds primed with 6% mannitol solution

for 12 hours; M5 = Seeds primed with 6% mannitol solution for 15 hours and Mg = Seeds primed with
6% mannitol solution for 18 hours.

4.2.10Effect on vigour index

The results regarding vigour index of mungbean in different priming timewith
water and mannitol concentrations showed significant variation (Appendix XX
and Figure 20).Vigour indexdecreased with increasing priming time of water
and mannitolafter 6 hours of priming. The minimum vigour index (81.68) was
obtained in Mg treatment which was statistically similar with Wy (79.12),
Wo(76.12), W1, (75.11), Mg(78.19), My5(75.49) andM;5 (73.92 mg) treatments.
On the other hand, the lowest vigour index (39.09) was recorded in Wig
treatment. The improvement in germination and vigour index of normal/low-
vigour seed might be due to reserve mobilization of food material, activation
and re-synthesis of some enzymes DNA and RNA synthesis start during
osmotic priming. Rapid embryo growth resulted when the obstacle to

germination was removed (Basra et at., 2003).

54



100 ~

80 -

60 -
40 -
20 - i
0 -
M12

wiz W15 W18 M15 M18

Vigour index

Treatments

Figure 20. Effect of different priming time on vigour index of primed
(mannitol and water) and non-primed (control) seeds.(SE=
1.821,3.454,2.079,1.984,0.819,2.856,4.432,3.402,1.699,0.509 and 2.556)

W, = Dry seeds;Wg = Seeds primed with water for 6 hours; Wg = Seeds primed with water for 9
hours; W, = Seeds primed with water for 12 hours; W15 = Seeds primed with water for 15 hours; Wg=
Seeds primed with water for 18 hours; Mg = Seeds primed with 6% mannitol solution for 6 hours; Mg=
Seeds primed with 6% mannitol solution for 9 hours; M, = Seeds primed with 6% mannitol solution

for 12 hours; M5 = Seeds primed with 6% mannitol solution for 15 hours and Mg = Seeds primed with
6% mannitol solution for 18 hours.

4.3 Experiment 3:Germination behavior of primed Seed (mungbean)

under salt (NacCl) stress condition of mungbean.

According to the tesults, all the traits were affected by the experimental factors
and there was completely significant difference between control (non primed
seeds) and primed seeds. Mannitol and water priming increased the
germination parameters (total Germination percentage, mean germination time,
germination index, coefficient of velocity, energy of emergence) and growth
parameters (shoot length, root length, seedling length, dry weight and vigour
Index) of mungbean, as compared with non-primed seeds, under saline
condition. The increase in salt stress in culture medium causes a significant
decrease in germination percentage (Figure 21), mean germination time (Figure
22), germination index (Figure23), coefficient of velocity (Figure24), energy of
emergence (Figure25), shoot length (Figure26), root length (Figure27),seedling
length (Figure28), dry weight (Figure29) and vigor index (Figure 30), as well
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as for non primed seed. However, the decrease was more significant for non-

primed seeds than Mannitol and water seed priming.
4.3.1 Effect on total germination (%)

Different salinity levels exhibited significant variation in respect of total
germination percentage (Appendix XXI and Figure 21). Result reveled that
total germination from both primed and non-primed seeds decreased
significantly with increasing salinity level. Buttotal germination of mannitol
and water primed seeds was higher compared to non-primed seeds at 0 mM salt
concentration and various levels of salt stress whereas mannitol primed seed
gave the best result. Mannitol priming seed had the maximum total
germination(69.99 %) followed closely by water priming (63.33 %) and control
seeds had(57.11 %) total germination percentage observed from T,
treatment.On the other hand minimum total germination percentage (26.66
%)was found in control treatment from Ts treatment. The results obtained from
all other treatments showed intermediate results compared to the highest and
the lowest values. Edalat-Pishehet al. (2010) declared that total germination
percentage in wheat seeds decreased when salinity of both primed and
unprimed (control group) treatments increased; but total germination
percentage in primed seeds was higher than unprimed seeds in all salinity
conditions because water absorption increased in primed seeds and metabolic
activities was formed too soon during germination of primed seeds; and
consequently, radicle and plumule appeared sooner (AschermanKocket al.,
1992). Kaya et al. 2006 and Khajeh-Hosseiniet al. 2003also find that reduction
in total germination was significantly lower for non- primed seeds, compared to
primed seeds and this may be due to the toxic effects of Na* and CI in the

process of germination.
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Figure 21. Effect of different salinity levels on total germination
percentage of primed (mannitol and water) and non-primed (control)
seeds.
(SE=1.11,1.925,1.11,1.925,1.922,1.11,1.828,2.223,2.223,2.939,1.11,1.925,1.11
,3.109 and 1.925)

T1=Primed (mannitol and water) and non-primed (control) seeds placed withoutsalt: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 50 mM salt: T3=Primed (mannitol
and water) and non-primed (control) seeds placed with 100 mM salt:T4=Primed (mannitol and water)

and non-primed (control) seeds placed with 150 mM salt:T5=Primed (mannitol and water) and non-
primed (control) seeds placed with 200 mM salt.

4.3.2 Effect on mean germination time (days)

Mean germination time of mungbean significantly delayed with the increasing
different salinity levels (Appendix XXII and Figure 22).Results showed that
mean germination time increased for both primed (mannitol and water) and
non-primed seed due to increasing salinity levels.Butmean germination time of
mannitol and water primed seeds was lower compared to non-primed seeds at 0
mM salt concentration and various levels of salt stress whereas mannitol
primed seed gave the best result. However, mannitolprimed seeds have lower
MGT (4.86 days) which is statistically similar with water primed seeds (4.95
days) was recorded from the O mM salt treatment. The highest mean
germination time(5.58 days) in control treatment was recorded from the 200
mMsalt treatment.Mannitol and water primed mungbean seeds germinated

earlier than unprimed ones as it has been reported by Ashraf andRauf (2001)
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working with other priming treatments, such as polyethylene glycol (PEG),

inorganic salts or even ABA.

E Mannitol priming & Water priming & Control
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Figure 22. Effect of different salinity levelsmean germination time (days)
of primed (mannitol and water) and non-primed (control)
seeds.(SE=0.152,0.012,0.023,0.036,0.241,0.028,0.031,0.058,0.043,0.044,0.060
, 0.031,0.178,0.063 and 0.250)

T,=Primed (mannitol and water) and non-primed (control) seeds placed without salt: T,=Primed
(mannitol and water) and non-primed (control) seeds placed with 50 mM salt:T;=Primed (mannitol
and water) and non-primed (control) seeds placed with 100 mM salt:T,=Primed (mannitol and water)

and non-primed (control) seeds placed with 150 mM salt:Ts=Primed (mannitol and water) and non-
primed (control) seeds placed with 200 mM salt.

4.3.3 Effect on germination index

The results regarding germination index of mungbean in different salinity level
(Appendix XXIII and Figure 23)showed that germination index differed
significantly with increasing salinity levels.Result revealed that germination
index from both primed and non-primed seeds decreased significantly with
increasing salinity level. Butgermination index of mannitol and water primed
seeds was higher compared to non-primed seeds at 0 mM salt concentration
and various levels of salt stress whereas mannitol primed seed gave the best
result.Highest germination index was recorded (36.36)from mannitol priming
seed in T,treatment compare to (31.41)and (28.09) water priming and control,
respectively. Minimum germination index (12.02)was found in control at
Tstreatment. Intermediate result was obtained from T,, T5 and T,. The results
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under the present study was in agreement with the findings ofRuanet al.
(2002b) demonstrated that priming the rice seed with KCI and CaCl, had

improved results for germination index.

H Mannitol priming @ Water priming & Control
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Figure 23. Effect of different salinity levels on germination index of primed
(mannitol and water) and non-primed (control)
seeds.(SE=0.840,0.800,0.184,0.571,0.298,0.855,0.825,0.133,0.317,0.830,1.041
,0.750,0.271,0.658 and 0.724)

T1=Primed(mannitol and water) and non-primed (control) seeds placed without salt:T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 50 mM salt:T3=Primed (mannitol
and water) and non-primed (control) seeds placed with 100 mM salt: T4=Primed (mannitol and water)

and non-primed (control) seeds placed with 150 mM salt;T5=Primed (mannitol and water) and non-
primed (control) seeds placed with 200 mM salt.

4.3.4 Effect on coefficient of velocity

Coefficient of velocity of mungbean showed significant variation among the
treatments (Appendix XXIV and Figure 24). Increasing salinity level
significantly decreases values of coefficient of velocity. However, this decrease
was more pronounced for nonprimed seeds than for primed seeds. Coefficient
of velocity of mannitol and water primed seeds was higher compared to non-
primed seeds at 0 mM salt concentration and various levels of salt stress
whereas mannitol primed seed gave the best result. Coefficient of velocity was
found the highest (19.85) with mannitol priming followed by water primed

seeds (19.65) in T, treatment which was statistically similar with (19.54) and
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(19.04) formannitol and water primed seeds, respectively in T,treatment.On the
other hand, lowest coefficient of velocity(17.57) was foundin case of control
sees at Ts treatment. The maximum coefficient of velocity of germination were
found in the low salinity treatment and decreased with increasing salinity.

Similar results were reported by Okcuet al. (2005).

B Mannitol priming @ Water priming & Control
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Figure 24. Effect ofdifferent salinity levels on coefficient of velocity of
primed (mannitol and water) and non-primed  (control)
seeds.(SE=0.144,1.071,0.228, 0.073, 0.052, 0.086,
,0.110,0.223,0.152,0.078,0.213,0.105,0.143,0.214 and1.000)

T1=Primed (mannitol and water) and non-primed (control) seeds placed without salt: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 50 mM salt: T3=Primed (mannitol
and water) and non-primed (control) seeds placed with 100 mM salt; T4=Primed (mannitol and water)

and non-primed (control) seeds placed with 150 mM salt; T5=Primed (mannitol and water) and non-
primed (control) seeds placed with 200 mM salt.

4.3.5 Effect on energy of emergence (%)

Energy of emergence wassignificantly influenced by the different salinity
levels (Appendix XXV and Figure 25).Increasing salinity level significantly
decreases values of energy of emergence. However, this decrease was more
pronounced for nonprimed seeds than for primed seeds. Energy of emergence
of mannitol and water primed seeds was higher compared to non-primed seeds

at 0 mM salt concentration and various levels of salt stress whereas
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mannitolprimed seed gave the best result.In this study, the maximum energy of
emergence (72.50 %)was achievedin mannitolpriming seedfromT treatment,
compare to (67.22)and (57.22) in water primingand control, respectively.The
minimum energy of emergence (26.38 %) incontrolwas achieved from Ty
treatment. That is,energy of emergence decreased in mannitol and water
priming solution with increasing salt concentration the decreasing rate is lower
in comparison to control seed.The results obtained from T,, T5 and T, showed
intermediate results compared to maximum and minimum energy of
emergence. It has been reported that priming had been resulted in more energy
of emergence especially in drought stress, saline stress and low temperatures in

sorghum, sunflower and melon (Demir Kaya et al., 2006; Fotiet al., 2002).
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Figure 25. Effect of different salinity levels on energy of emergence (%) of
primed (mannitol and water) and non-primed  (control)
seeds.(SE=2.097,1.39,1.691,1.003,0.734,0.482,1.945,0.734,1.113,2.098,2.649,
1.688,0.556,1.545 and 1.386)

T1=Primed (mannitol and water) and non-primed (control) seeds placed without salt: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 50 mM salt: T3=Primed (mannitol
and water) and non-primed (control) seeds placed with 100 mM salt: T4=Primed (mannitol and water)
and non-primed (control) seeds placed with 150 mM salt: T5=Primed (mannitol and water) and non-
primed (control) seeds placed with 200 mM salt.
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4.3.6 Effect on shoot length (mm)

Salinity had a significant inhibitory effect on shoot length (Appendix XXVI
and Figure 26) for both primed and non-primed seeds. However, this effect was
significantly less pronounced in seedlings priming with mannitol and water in
comparison with control seeds. The highest shoot length (122.22 mm) was
observed with mannitol primingat T, treatment compare to (107.66 mm) and
(90.55 mm)with water priming from control seeds, respectively. The lowest
shoot length (4.55 mm) from control seeds was found at Ts treatment. Salinity
has both osmotic and specific ionic effects on seedlings growth (Dioniso-Sese
and Tobita 2000). Similarly, toxic ion accumulation (Na+ and CI’) negatively
affect plant metabolism (Grieve and Fujiyama 1987). It has also been reported
that salinity suppresses the uptake of essential nutrients like P and K (Nasim

etal. 2008), which could adversely affect seedlings growth.
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Figure 26. Effect of different salinity levels on shoot length (mm)of primed
(mannitol and water) and non-primed (control)
seeds.(SE=0.986,1.059,0.399,0.294,0.577,0.383,0.294,1.069,0.485,1.254,1.788
,0.193,0.674,0.193 and 0.293)

T,=Primed (mannitol and water) and non-primed (control) seeds placed without salt:T,=Primed
(mannitol and water) and non-primed (control) seeds placed with 50 mM salt: Ts=Primed (mannitol
and water) and non-primed (control) seeds placed with 100 mM salt: T,=Primed (mannitol and water)
and non-primed (control) seeds placed with 150 mM salt: Ts=Primed (mannitol and water) and non-
primed (control) seeds placed with 200 mM salt.
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4.3.7 Effect on root length (mm)

Root length of mungbean significantly influenced by the different salinity
levels (Appendix XXVII and Figure 27). Root length increased withmannitol
and water priming seedsin comparison to control seeds with increasing salinity
levels.The highest root length (72.78 mm) was found withmannitol priming
compare to (64.55 mm) and (45.44 mm) with water priming and control seeds,
respectivelyat 0 mMsalinity level (T,) treatment.The lowest root length (4.99
mm) was found in control seedsat 200 mM salinity level (Ts)
treatment.Significant improvement in root and shoot length may be attributed
to earlier germination induced by primed over non-primed seeds (Farooget al.
2005), which resulted in vigorous seedlings with more root and shoot length
than the seedlings from non-primed seeds. Present results confirm the findings
of Stofellaet al. (1992), who reported that priming of pepper seeds significantly

improved radicle length.
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Figure 27. Effect of different salinity levels on root length (mm) of primed
(mannitol and water) and non-primed (control)
seeds.(SE=0.507,3.511,0.674,0.776,0.293,0.399,0.399,0.587,0.485,0.587,0.294
,0.383,0.294 and 0.193)

T,=Primed (mannitol and water) and non-primed (control) seeds placed without salt:T,=Primed
(mannitol and water) and non-primed (control) seeds placed with 50 mMsalt: Ts;=Primed (mannitol and
water) and non-primed (control) seeds placed with 100 mM salt: T,=Primed (mannitol and water) and
non-primed (control) seeds placed with 150 mM salt: Ts=Primed (mannitol and water) and non-primed
(control) seeds placed with 200 mM salt.
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4.3.8 Effect on seedling length (mm)

Significant inhibitory effect was found in seedling length of mungbean with
increasing salinity levels (Appendix XXVIII and Figure 28)for both primed and
non-primed seeds. However, this effect was significantly more pronounced in
control seeds in comparison with mannitol and water primed seeds. Higher the
salinity level lesser the seedling growth.Thehigher seedling length was
obtained (194.99 mm) in mannitol priming compare to (172.21 mm) in water
priming and (127.99 mm) in control seeds at 0 mM salt (T,) treatment.The
minimum seedling length (9.55 mm) was found in case of control seeds at 200
mM salt (Ts) treatment. Result indicated that seed priming significantly
improved mungbean seedling growth at different salinity level compare to
control seed. Similar result was found by Katembeet al. (1998) who
investigated the effect of seed priming as a method to improve seedling growth

of two Atriplexspecies under salt stress.
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Figure 28. Effect of different salinity levels on seedling length (mm) of
primed (mannitol and water) and non-primed  (control)
seeds.(SE=1.168,2.947,0.666,0.881,0.799,0.482,1.175,0.727,0.577,1.577,2.296
,0.293,0.909,0.284 and 0.225)

T,=Primed (mannitol and water) and non-primed (control) seeds placed without salt: T,=Primed
(mannitol and water) and non-primed (control) seeds placed with 50 mM salt: T;=Primed (mannitol
and water) and non-primed (control) seeds placed with 100 mM salt: T,=Primed (mannitol and water)
and non-primed (control) seeds placed with 150 mM salt: Ts=Primed (mannitol and water) and non-
primed (control) seeds placed with 200 mM salt.

4.3.9 Effect on seedling dry weight (mg)

Increasing salinity significantly decreased mungbean seedlings dry weight for
both primed and un-primed seed (Appendix XXIX and Figure 29).Result
reveled that seedlings dry weight from both primed and non-primed seeds
decreased significantly with increasing salinity level. Butseedlings dry weight
of mannitol and water primed seeds was higher compared to non-primed seeds
at 0 mM salt concentration and various levels of salt stress whereas mannitol
primed seed gave the best result. Figure 29 shows that the highest dry weight
(123.67 mg) of seedlings was recorded from mannitol primingat 0 mM salt(T,)
treatment. On the other hand lowest seedlings dry weight (37.43 mg) was
obtained from control seed at 200 mM salt (Ts) treatment. Seedling dry weight
decreased linearly with increasing salinity. The similar results were also
obtained by other researchers (Mansour etal. 2005). Increased dry weight in

primed seeds over the non-primed seeds were also observed by Sivritepeet al.
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(2003) who reported an increase in seedling dry weight in NaCl primed melons

seeds under saline conditions as compared to the non-primed seeds.

E Mannitol priming & Water priming & Control
140 ~
120 -
100 -
80 -
60 -
40 -
20 -

Seedling dry weight (mg)

T1 T2 T3 T4 T5

Treatments

Figure 29. Effect of different salinity levels on seedling dry weight (mm) of
primed (mannitol and water) and non-primed  (control)
seeds.(SE=0.796,1.356,1.357,1.862,0.775,1.013,0.730,0.680,1.331,1.008,0.726
,1.003,0.674, 0.779 and 0.926)

T,=Primed (mannitol and water) and non-primed (control) seeds placed withoutsalt: T,=Primed
(mannitol and water) and non-primed (control) seeds placed with 50 mM salt: T;=Primed (mannitol
and water) and non-primed (control) seeds placed with 100 mM salt: T,=Primed (mannitol and water)

and non-primed (control) seeds placed with 150 mM salt: Ts=Primed (mannitol and water) and non-
primed (control) seeds placed with 200 mM salt.

4.3.10 Effect on vigour index

The results regarding vigour index of mungbean are given in (Appendix XXX
and Figure 30), which showed that vigour index differed significantly with
increasing salinity levels.However, this effect was significantly more
pronounced in control seeds in comparison with mannitol and water primed
seeds.Vigour index of mannitol and water primed seeds was higher compared
to non-primed seeds at 0 mM salt concentration and various levels of salt stress
whereas mannitol primed seed gave the best result. Vigour index was found the
highest (121.49) in mannitol priming followed by water priming (112.06) and
in control (72.16) at T, treatment. The least vigour index (2.55)was found in

control seeds at Ts treatment. Seed priming improve mungbeanvigour index
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under saline conditions. Similar results were also found by Ruanet al. (2002b)
who reported that primed rice seeds showed higher vigour index than non-

primed ones.

H Mannitol priming @ Water priming & Control

140 -
120
100
80
60
40
20

Vigour index

T1 T2 T3 T4 T5

Treatments

Figure 30. Effect of different salinity levels on vigour indexof primed
(mannitol and water) and non-primed (control) seeds.(SE=
3.983,3.482,2.003,1.291,1.106,1.295,1.093,2.090,1.576,1.850,0.915,0.381,
0.544,0.526 and 0.242)

T1=Primed (mannitol and water) and non-primed (control) seeds placed withoutsalt:T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 50 mMsalt:T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 100 mM salt:T4=Primed (mannitol and water) and
non-primed (control) seeds placed with 150 mM salt: T5=Primed (mannitol and water) and non-primed
(control) seeds placed with 200 mM salt.
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CHAPTER V

SUMMARY AND CONCLUSION

The experiment was conducted at Laboratory of Department of Agronomy,
Sher-e-Bangla Agricultural University (SAU), Sher-e-Bangla Nagar, Dhaka-
1207during the period from August, 2013 to February, 2014 to study the
mannitol induced seed priming on salt tolerance capability in mungbean

varieties cv.BARI Mung-6 and BU-4 under salt stress condition.

The whole experiment was conducted in three differentexperiments.The
experiment was laid out in a Completely Randomized Design (CRD) with five
replications.Different priming chemicals such as Mannitol(C¢H40¢), salt
(NaCl) and distilled water were utilized for osmo and hydro priming. Sodium
hypochlorite used as seed treating chemical.Priming was done in room
temperature and all the primed seeds were removed from the priming solution
at the same time.Thirty seeds from each of the treatments were selected
randomly and placed in 90 mm diameter Petri dishes on whatman No.1filter
paper and filter paper was moistened with 8 ml of distilled water.Germination
was considered to have occurred when radicles were 2 mm long. Germination
progress was inspected and data were collected at every 24 h intervals and
continued up to 7 days. The abnormal or dead seedlings with short, thick and
spiral formed hypocotyls and stunted primary root were excluded during
counting.The dataon germination parameters of mungbean like total
germinationpercentage, mean germination time, germination index, coefficient
of velocity, energy of emergence and growth parameters like plumule length,
root length, seedling length, dry weight and vigour index. Data were analyzed
using a computer software SPSS 20.The significance of difference among the
treatments means was estimated by the Duncan’s Multiple Range Test
(DMRT)at 5% level of probability.
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The first experiment was carried out to find the effect of different concentration
of mannitol on germination behavior ofmungbean varieties cv. BARI Mung-6
and BU-4 without any stress condition.Four levels of mannitol such as2%, 4%,
6%, and 8% were used forosmopriming and water used ashydropriming agent
forl2 hours, respectively.The priming treatments were seeds without priming
(control)(T,), seeds primed with distilled water for 12 hours(T,), seeds primed
with 2% mannitol solutionfor 12 hours (Ts), seeds primed with 4% mannitol
solutionfor 12 hours (T,),seeds primed with 6% mannitol solutionfor 12 hours
(Ts) andseeds primed with 8% mannitol solutionfor 12 hours(Tg). For BARI
Mung-6 and BU-4the maximum total germination percentage(89.99 %) and
(85.21 %)was recorded inTs andT3; treatment, mean germination time(6.61
days) and(5.41 days) in TeandT; treatment, germination index (48.64) and
(46.61)inTs andT3 treatment, coefficient of velocity(21.04) and (20.21)inTs
andT; treatment, energy of emergence (94.99 %) and (87.88 %) inTs andT;
treatment, shoot length (121.6 mm) and (94.93 mm)inTs andT; treatment, root
length(45.73 mm) and (53.66 mm)inTs andT3 treatment, seedling length(174.73
mm) and (137.00 mm)inTs andT; treatment, seedling dry weight (124.09 mg)
and (108.26 mg)inTs andT; treatment and vigor index (157.00)
and(123.30)inTs andT; treatment,respectively. Variety BU-4 was not further
used as it gives poor result than BARI Mung-6.

The second experiment was conducted to evaluate different pre-sowing
priming time on the germination behavior of mungbean. Five different priming
times such as 6, 9, 12, 15, and 18 hours for hydropriming andosmopriming
were used, respectively in this experiment.Dry seeds (control) (W), seeds
primed with water for 6 hours (Ws), seeds primed with water for 9 hours(Ws),
seeds primed with water for 12 hours(W,), seeds primed with water for 15
hours(Ws), seeds primed with water for 18 hours(Wag), seeds primed with 6%
mannitol solution for 6 hours(Mg), seeds primed with 6% mannitol solution for
9 hours(My), seeds primed with 6% mannitol solution for 12 hours(Mj,), seeds
primed with 6% mannitol solution for 15 hours (Mis), and seeds primed with
6% mannitol solution for 18 hours (Myg) were used as treatment.The total
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germination percentage (81.11 %), germination index (51.08), coefficient of
velocity (21.69), energy of emergence (93.05 %), root length (58.67 mm),
seedling length (116.20 mm), seedling dry weight(120.93 mg) and vigor index
(81.68) were observedhighest from Megtreatment, respectively.The maximum
mean germination time and shoot length(5.20 days) and (76.13 mm) was

recorded in Wgand Wjg treatment,respectively.

In the third experiment germination behavior of primed seed (mungbean) under
different salt (NaCl) stress condition was evaluated.Mannitol solution 6% and
distilled water were used as priming solutions, 6 hours as priming time and salt
stress levels 50 mM, 100 mM, 150 mM and 200 mM were used in this
experiment. Primed (mannitol and water) and non-primed (control) seeds
placed without salt (T,), primed (mannitol and water) and non-primed (control)
seeds placed with 50 mM salt (T,), primed (mannitol and water) and non-
primed (control) seeds placed with 100 mM salt (T3),primed (mannitol and
water) and non-primed (control) seeds placed with 150 mM salt (T4) and
primed (mannitol and water) and non-primed (control) seeds placed with 200
mM salt (Ts)were used as treatment.The maximum total germination
percentage (69.99 %), germination index (36.36), coefficient of velocity
(19.85), energy of emergence (72.50 %), shoot length (122.22 mm), root length
(72.78 mm), seedling length (194.99 mm), seedling dry weight (123.67 mg)
and vigour index (121.49)were found in mannitolprimid seeds in (T,)
treatment. The maximum mean germination time (5.58 days) was found in
control seeds.The minimum total germination percentage (57.11 %),
germination index (12.02), coefficient of velocity (17.57), energy of emergence
(26.38 %), shoot length(4.55 mm), root length (4.99 mm), seedling length (9.55
mm), seedling dry (37.43 mg) weight and vigour index (2.55)were found in
control seeds at (Ts) treatment and mannitolprimed seeds have lower MGT
(4.86 days)at (T,) treatment.
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From the results of the study, it may be concluded that the performance of
mannitolprimedmungbean cv. BARI Mung-6 was better in respect of
germination andgrowth parameters. Priming with 6% mannitolconcentration
and 6 hours priming timeincrease the germinationbehabiour of mungbean
seeds.Reduction in germination parameters and seedling growth was more
profound in control seeds than primed seeds under salt stress condition. Thus,
the priming may be an effective method to meet the demands of farmers during
the installation of the culture in the field and especially in conditions of salt
stress. For this reason, further studies are needed to assess the efficacy of seed

priming during the later stages of the culture.

71



REFERENCES

Abdul-Baki, A.A. and Anderson J.D. (1970).Viability and leaching of sugars
from germinating barley.Crop Sci.10: 31-34.

Abebe, A.T.andModi, A.T. (2009).Hydropriming in dry bean (Phaseolus
vulgaris L.).Res. J. Seed Sci.2:23-31.

Afzal, I., Basra, S.M.A.and Ahmad, N. (2011). Hormonal priming induces salt
tolerance in wheat through enhanced antioxidant defence system. Cereal
Res. Comm.39:334-342.

Afzal, 1., Basra, S.M.A., Ahmad, N.andFarooqg, M. (2005).Optimization of
hormonal priming techniques for alleviation of salinity stress in wheat
(Triticumaestivum L.).Caderno de PesquisaSeri Biologia.17:95-109.

Afzal, 1., Basra, S.M.A., Ashraf, M., Hameed, A.andFarooq, M.
(2006).Physiological enhancements for alleviation of salt tolerance in
spring wheat.Pak. J. Bot.38:1649-1659.

Afza,l I, Basra, S.M.A., Shahid, M.andSaleem, M. (2008b). Priming enhances
germination of spring maize (Zea mays L.) under cool conditions. Seed
Sci. Technol.36:497-503.

Afzal, I., Rauf, S., Basra, S.M.A.andMurtaza, G. (2008a). Halo priming
improves vigor, metabolism of reserves and ionic contents in wheat
seedlings under salt stress. Plant Soil. Environ.54:382-388.

Afzal, 1., Aslam, N., Mahood, F., Hussain, A.andlrfan, S. (2004).
Enhancement of germination and emergence ofcanola seeds by different
priming techniques. Caderno de PesquisaSerieBiologia, 16: 19-33.

Afzali,S.F., Hajabbasi, M.A., Shariatmadari, H., Razmjoo,
K.andKhoshgoftarmanesh, A.H. (2006). Comparative Adverse Effects
of PegorNacl-Induced Osmotic Stress on Germination and Early
Seedling Growth of a Potential Medicinal Plant MatricariaChamomilla.
Pakistan J. Bot.38: 1709-1714.

Ahloowalia, B.S., Maluszynski,M.and Nitchterlein, K.(2004).Global impact of
mutation-derived varieties.Euphytica, 135: 187-204.

72



Ahmad, M.S.A., Hossain, M., ljaz, S. and Alvi, A.K. (2008).Photosynthetic
performance of two mungbean (Vignaradiata) cultivars under lead and
copper stress.Intl. J. Agric. Biol.10: 167-172.

Ajouri, A., Asgedom, H. and Becker,M.(2004). Seed priming enhances
germination and seedling growth of barley under conditions of P and Zn
deficiency. J. Plant Nutr. Soil Sci., 167: 630-636.

Akbari, G., Sanavy, S.A.andYousefzadeh, S. (2007).Effect of auxin and salt
stress (NaCl) on seed germination of wheat cultivars (Triticumaestivum
L.).Pak. J. Biol. Sci.10:2557-2561.

Almansouri, M., Kinet, J.M.andLutts, S. (2001).Effect of salt and osmotic
stresses on germination in durum wheat (Triticum durumDesf.).Plant
Soil.231:243-254,

Amzallag, G.N., Lerner, H.R.andPoljakoff-Mayber, A. (1990).Exogenous ABA
as a modulator of the response of sorghum to high salinity.J. Exp.
Bot.54:1529-1534.

Angrish, R., Kumar, B.andDatta, K.S. (2001).Effect of gibberellic acid and
Kinetin on nitrogen content and nitrate reductase activity in wheat under
saline condition.Indian J. Plant. Physiol.6:172-177.

Anonymous.(1983). Association of Official Seed Analysis (AOSA).seed vigor
testing handbook. Contribution No. 32 to the handbook seed testing.
AOSA. Springfield, IL.

Arif, M.(2005). Seed priming improves emergence, yield and storability of
soybean. PhD thesis in Agronomy. NWFP Agricultural University
Peshawar, Pakistan,

Arif, M., Jan,M.T., Marwat,K.B. and Khan,M.A. (2008). Seed priming
improves emergence and yield of soybean. Pak. J. Bot. 40(3): 1169-
1177.

73



Arif, M., Ali,S., Shah,A.,Javeed,N. and Rashid,A. (2005). Seed priming maize
for improving emergence and seedling growth.Sarhad J. Agric. 21: 539-
543.

AschermanKoch, C., Hofmann, P.and Steiner, A.M. (1992).Presowing
treatment for improving quality in cereals.Germination and vigor. Seed
Sci. Technol.20: 435-440.

Asgedom, H. and Becker,M. (2001).Effects of seed priming with nutrient
solutions on germination, seedling growth and weed competitiveness of
cereals in Eritrea. In: Proc. DeutscherTropentag, University of Bonn and
ATSAF, Magrraf Publishers Press, Weickersheim. p. 282.

Ashraf, C.M. and Abu-Shakra, S. (1978). Wheat seed germination under low
temperature and moisture stress.Agron. J. 70: 135-139.

Ashraf, M.and Bray, C.M. (1993).DNA synthesis in osmoprimed leek (Allium
porrum L.) seeds and evidence for repair and replication.Seed Sci.
Res.3:15-23.

Ashraf, M.andFoolad, R.M. (2005). Pre-sowing seed treatment—a shotgun
approach to improve germination, plant growth and crop yield under
saline and non-saline conditions. Adv.Agron.88:223-271.

Ashraf, M.and Harris, P.J.C. (2004).Potential biochemical indicators of salinity
tolerance in plants.Plant Sci.166:3-16.

Ashraf, M.andRauf, H. (2001).Inducing salt tolerance in maize (Zea mays L.)
through seed priming with chloride salts: Growth and ion transport at
early growth stages.Acta. Physiol. Plant.23:407-414,

Austin, R.B.(1989), Maximising crop production in water-limited
environments, F. W. G. Baker (ed.), Drought Resistance in Cereals,
CAB International, 13-26.

Basra, A.S., Dhillon, R. and Malik, C. P. (1989). Influence of seed pretreatment
with plant growth regulators on metabolic alterations of germinating
maize embryos under stressing temperature regimes. Ann.Bot. (London).
64: 37-41.

74



Basra, S. M. A., Ullah,E.,Warriach,E.A.,Cheema,M.A. and Afzal,l. (2003).
Effect of storage on growth and yield of primed canola seeds (Brassica
napus). Int. J. Agric. Biol. 5: 117-120.

Basra, S.M.A., Farooq, M. and Tabassum, R. (2005). Physiological and
biochemical aspects of seed vigor enhancement treatments in fine rice
(oryza sativa L.). Seed Sci. and Technol. 33: 623-628.

Basra, S.M.A., Faroog, M., Tabassum, R. and Ahmed, N. (2006).Evaluation of
seed vigour enhancement techniques on physiological and biochemical
basis in coarse rice.Seed Sci. and Technol. 34: 741-750.

Basra, S.M.A., Zia, M.N.Mehmood, T., Afzall. and Kbhaligq, A.
(2003).Comparison of different invigoration techniques in Wheat
(Triticumaestivum L.) seeds.Pak. J. Arid. Agric. 5: 6-11.

Basra, S.M.A, Zia,M.N.,Mehmood,T.,Afzal,l. and
Khalig,A.(2002).Comparison of different invigouration techniques in

wheat (TriticumaestivumL.) seeds.Pak. J. Arid. Agric.5: 11-16.

BBS (Bangladesh Bureau of Statistics).(2012). Statistical year book of
Bangladesh.Statistics Division.Ministry of Planning, Government of the

Peoples Republic of Bangladesh, Dhaka.

BBS (Bangladesh Bureau of Statistics).(2013). Statistical year book of
Bangladesh.Statistics Division.Ministry of Planning, Government of the

Peoples Republic of Bangladesh, Dhaka.

BBS (Bangladesh Bureau of Statistics). (2014). Regional Estimates of
Agricultural Crop Production: 1985/86-1999/2000, Dhaka, Bangladesh.

Bewley, J,D. (1997). Seed germination and dormancy. Plant Cell 9:1055-1066.

Bewley, J.D.and Black, M., (1982).Physiology and biochemistry of seeds in

relations to germination. VVol. 2, Springer-Verlag, Berlin,

75



Bisht, C., Badoni, A., Vashishtha, R.K.andNautiyal, M.C. (2009).Photope-
riodic effect on seed germination in pyrethrum (Chrysanthemum
cinerariaefolium Vis.) under the influence of some growth
regulators. J. Am. Sci.5:147-150.

Bodsworth, S. and Bewley.J.D.(1981).Osmotic priming of seeds of crop
species with polyethylene glycol as a means of enhancing early and
synchronous germination at cool temperature.Can. J. Bot. 59: 672-676.

Bolland, M.D.A. and Baker.M.J.(1988). High phosphorus concentrations in
seed of wheat and annual medic are related tohigher rates of dry matter

production of seedlings and plants. Aus. J. Expt.Agril.28: 765-770.

Bose, B.and Mishra, T.(1992).Response of wheat seed to presowing seed
treatment with Mg(NOg)z.Ann. Agric. Res. 13: 132-136.

Bradford, K.J. (1986). Manipulation of seed water relations via osmotic
priming to improve germination under stress conditions.Hort. Sci. 21:
1105-1112.

Bradford, K.J., J.J. Steiner and S.E. Trawatha. (1990). Seed priming influence
on germination and emergence of pepper seed lots. Crop Sci.30: 718-
721.

Bray, C.M., Davison, P.A., Ashraf,M. and Taylor,R.M. (1989). Biochemical
changes during osmo priming of leek seeds. Ann. Bot.36: 185-193.

Brocklehurst, P.A., Dearman, J.and Drew, R.L.K. (1984).Effects of osmotic
priming on seed germination and seedling growth in
leek.Sci.Hortic.24:201-210.

Bruggink, G.T., Ooms, J.J.J. and Vander Toorn, P. (1999).Induction of
longevity in primed seeds.Seed Sci. Res. 9: 49-53.

Cantliffe, D.J., Fischer, J.M. and Nell, T. A. (1994).Mechanism of seed
priming in circumventing themodormancy in Lettuce.Plant Physiol.75:
290-294.

76



Capron, I., Corbineua, F., Dacher, F., Job, C., Come, D. and Job, D. (2000).
Sugar beet seed priming: Effects of priming conditions on germination,
solubilization of 11-s globulin and accumulation of LEA proteins. Seed
Sci. Res.10: 243-254.

Carceller, M.S. and Soriano, A. (1972).Effect of treatments given to grain, on
the growth of wheat roots under drought conditions.Can. J. Bot. 50:
105-108.

Carter, D.C., Harris,D., Youngquist,J.B.andPersaud,N.(1992).Soil properties,
crop water use and cereal yields in Botswana after additions of mulch
and manure.Field Crops Res. 30: 97-1009.

Caseiro, R., Bennett, M.A.and Marcos-Filho, J. (2004).Comparison of three
priming techniques for onion seed lots differing in initial seed
quality.Seed Sci. Technol.32:365-375.

Casenave, E.C.andToselli, M.E. (2007). Hydro priming as a pre-treatment for
cotton germination under thermal and water stress conditions. Seed Sci.
Technol. 35: 88-98.

Cayuela, E., Perez-Alfocea, F., Caro, M.andBolarin, M.C. (1996). Priming of
seeds with NaCl induces physiological changes on tomato plants grown
under salt stress. Physiol. Plant96:231-236.

Chen, K.andArora, R. (2011).Dynamics of the antioxidant system during seed
osmopriming, post-priming germination, and seedling establish-ment in
spinach (Spinaciaoleracea).Plant Sci.180:212-220.

Chen, K., Arora, R.andArora, U. (2010).Osmopriming of Spinach
(SpinaciaOleracea L. Cv. Bloomsdale) Seeds and Germination
Performance under Temperature and Water Stress.Seed Sci. Technol. 38:
36-48.

Chiu, K.Y., Chen, C.L. and Sung, J.M. (2002). Effect of priming temperature
on storability of primed sh-2 sweet corn seed .Crop Sci. 42: 1996-2003.

77



Chiu, K.Y., Chuangm S.J.and Sung, J.M. (2006). Both anti-oxidation and lipid-
carbohydrate conversion enhancements are involved in priming-
improved emergence of Echinacea purpurea seeds that differ in size.
Sci.Hortic.108:220-226.

Chivasa, W., Harris, D., Chiduza, C. and Nymudeza, P. (1998). Agronomic
practices, major crops and farmer’s perceptions of good stand

establishment in musikavanhu. J. Appl. Sci.4: 109-125.

Coolbear, P.and Grierson, D.(1979). Studies on the change in the major nucleic
acid components of tomato seed (Lycopersiconesculentum) resulting

from osmotic pre-sowing treatment. J. Exp. Bot.30: 1153-1162.

Cramer, G.R. (2002). Sodium-calcium interactions under salinity stress in
Lauchli A, Littge salinity. Envirnoment-plants.4:205-227.

Cuartero, J., Bolarin, M.C., Asins, M.J.and Moreno, V.(2006).Increasing salt
tolerance in tomato.J. Exp. Bot. 57: 1045-1058.

Dear man, J., Brocklehust, P.A. and Drew, R.L. (1987). Effect of osmotic
priming and aging on the germination and emergence of carrot and leek
seed.Ann. Appl. Biol. 111: 717-722.

Del Ryo, L.A., Corpas,F.J., Sandalio,L.M., Palma,J.M.,
Gomez,M.andBarroso,J.B. (2002).Reactive oxygen species, antioxidant
systems and nitricoxide in peroxisomes.J. Exp. Botany. 372: 1255-1272.

Dell Aquila, A. and Taranto, G. (1986).Cell division and DNA synthesis during
osmopriming treatment and following germination in aged wheat
embryos.Seed Sci. and Tech. 14: 333-341.

Dell Aquila, A. and Tritto,V.(1991).Germination and biochemical activities in
wheat seeds following delayed harvesting, ageing and osmotic
priming.Seed Sci. and Technol. 19: 73-82.

Demir, A.O., Goksoy, A.T., Buyukcangaz, H., Turan, Z.M.andKoksal, E.S.
(2006).Deficit irrigation of sunflower (Helianthus annuus L.) in a sub-
humid climate.lrrig. Sci.24:279-289.

78



Demir, l.andMavi, K. (2004).The effect of priming on seedling emergence of
differentially matured watermelon (CitrulluslanatusThunb.)(Matsum
and Nakai) seeds.Sci.Hortic.102:467-473.

Demir Kaya, M., OkcuGamze, Atak, M., Cikili, Y. and Kolsarici, O. (2006).
Seed treatment to overcome salt and drought stress during germination
in sunflower (Helianthus annuus L.).Eur. J. Agron. 24: 291-295.

Demir, I. andOkcu, G. (2004). Aerated hydration treatments for for improved
germination and seedling growth in aubergine (Solanummelongena) and
pepper (Capsicum annuum L.). Annals of Applied Biology 144: 121-
123.

Dioniso-Sese, M.L. andTobita, S. (2000).Effects of salinity on sodium content
and photosynthetic responses of rice seedlings differing in salt
tolerance.J. of Plant Physiology157: 54-58.

Dodd, G.L. and Donovan, L.A. (1999).Water Potential and lonic Effects on
Germination and Seedling Growth of Two Cold Desert Shrubs.Am. J.
Bot. 86: 1146.

Donaldson, E., SchillingerW.F. and Stephen M.D. (2001). Straw production
and grain yield relationships in winter wheat. Crop Sci. 41: 100-106.

Dubrovsky, J.G. (1996).Seed hydration memory in Sonoran desert cacti and its
ecological implications.Am. J. Bot.68:227-233

Edalat-Pisheh, M.D., Dokht, H.A. andMontazeri, N. (2010). Effects of
Halopriming on Germination and Growth of Wheat Seedlings under
Various Salinity Conditions; 11th Congress of Agricultura Science and
Breeding of Plants of Iran; Environmental Science Research Center,
ShahidBeheshti University, pp: 1906-1909.

Eisvand, H.R., Tavakkol-Afshari, R., Sharifzadeh, F., MaddahArefi, H.
andHesamzadehHejazi, S.M. (2010). Effects of hormonal priming and
drought stress on activity and isozyme profiles of antioxidant enzymes
in deteriorated seed of tall wheatgrass (Agropyronelongatum Host). Seed
Sci. Technol.38:280-297.

79



Elkoca, E., Haliloglu, K., Esitken, A. andErcisli, S. (2007). Hydro and
osmopriming improve chickpea germination. Acta. Agric. Scand. Sect.
B. Soil Plant Sci.57:193-200

FAO (2010) Land and plant nutrition management  service,

FAO,http://www.fao. org/ag/AGL/agll/prosoil/saline.htm.

FAO (Food and Agriculture Organization).(2013). FAO Yearbook
Production.p. 53.

Farahani, H.A. and Maroufi, K. (2011).Effect of hydropriming on seedling
vigour in basil (Ocimumbasilicum L.) under salinity conditions.Adv.
Environ. Biol.5:828-833.

Farahani, S.M., Mazaheri, D., Chaichi, M., Afshari, R.T. andSavaghebi, G.
(2010).Effect of Seed Vigour on Stress Tolerance of Barley
(HordeumVulgare) Seed at Germination Stage.Seed Sci. Technol. 38:
494-507.

Farahbakhsh, H. (2012). Germination and seedling growth in unprimed and
primed seeds of fennel as affected by reduced water potential
induced by NaCl. Int. Res. J. Appl. Basic Sci.3:737-744.

Farhoudi, R. and Sharifzadeh, F. (2006).The effects of NaCl priming on salt
tolerance in canola (Brassica napus L.) seedlings grown under saline
conditions.Indian. J. Crop Sci. 1 (1-2): 7478.

Farooq, M., Aziz, T., Basra, S.M.A., Cheema, M.A. andRehman, H. (2008).
Chilling Tolerance in Hybrid Maize Induced by Seed Priming with
Salicylic Acid. J. Agro.Crop Sci. pp. 161-168.

Farooq, M., Basra, S.M.A., Saleem, B.A., Nafees, M. andChishti, S.A.
(2005).Enhancement of tomato seed germination and seedling vigour by
osmopriming.Pakistan J. Agri. Sci. 42(3-4): 36-41.

Farooq, M., Basra, S.M.A., Tabassum, R. and Afzal, I. (2006a).Enhancing the
performance of direct seeded fine rice by seed priming.Plant Prod.
Sci.9:446-456.

80


http://www.fao.org/ag/AGL/agll/prosoil/saline.htm

Faroog, M., Basra, S.M.A. and Wahid, A. (2006b). Priming of field- sown rice
seed enhances germination, seedling establishment, allometry and yield.
Plant Growth Regul.49:285-294.

Faroog, M., Basra, S.M.A., Wahid, A., Khalig, A. and Kobayashi, N.
(2009).Rice seed invigoration.In Sustainable Agriculture Reviews. Book
Series, ed. E. Lichtfouse. Berlin, Germany: Springer.

Faroog, M., Basra, S.M.A. and Khan, M.B. (2007a). Seed priming improves
growth of nursery seedling and yield of transplanted rice. Arch. Agron.
Soil Sci. 53: 311-322.

Farooq, M., Basra S.M.A., Hafeez-u-Rehman and Saleem, B.A. (2008). Seed
priming enhances the performance of late sown wheat
(TriticumaestivumL.) by improving chilling tolerance. J. Agron.Crop
Sci. 194(1): 55-60.

Farooq, M.,Basra,S.M.A. and Ahmad, N. (2007b).Improving the performance
of transplanted rice by seed priming.Plant Growth Regul.51: 129-137.

Farooq, M., Wahid, A., Kobayashi, N., Fujita,D. and Basra, S.M.A.
(2009).Plant drought stress, effects, mechanisms and

management.Agron. Sustain. Dev. 29: 185-212.

Farooq, M.,Basra,S.M.A. and Hafeez, K. (2006b).Seed invigoration by osmo
hardening in fine and coarse rice.Seed Sci. Technol. 34: 181-187.
Finch-Savage, W.E., Dent, K.C. and Clark, L.J. (2004). Soak conditions and
temperature following sowing influence the response of maize (Zea
mays L.) seeds to on-farm priming (pre-sowing seed soak). Field Crops
Res.90:361-374.

Flowers, T.J. (2004).Improving crop salt tolerance.J. Exp. Bot.55: 307-319.

Foti, S., Cosentino, S.L., Patane, C. and D'Agosta, G.M. (2002).Effect of osmo
conditioning upon seed germination of Sorghom (Sorghom Bicolor
(L).Moench) under low temperatures.Seed Sci. and Technol. 30: 521-
533.

81



Fotia, R., Aburenia, K., Tigerea, A., Gotosab, J. andGerec, J. (2008).The
efficacy of different seed priming osmotica on the establishment of
maize (Zea mays L.) caryopses.J. Arid Environ. 72: 1127-1130.

Fujikura, Y., Kraak, H.L., Basra, A.S.andKarssen, C.M. (1993).Hydropriming,
a simple and in expensive priming method.Seed Sci.Technol.21:639-
642.

Gallais, S., Crescenzo, D.E., Laval, M.A.P.and Martin, D.L. (2000). Changes
in soluble and membrane bound isoforms of calcium calmodulin
dependent and independent NAD" kinase, during the culture of after
ripened and dormant seeds of Avena sativa. Aus. J. Plant Physiol. 27:
649-658.

Gao, Y.P., Bonham-Smith, P.C.andGusta, L.V. (2002). The role of peroxire-
doxin antioxidant and calmodulin in ABA-primed seeds of Brassica
napus exposed to abiotic stresses during germination. J. Plant
Physiol.159:951-958.

Ghana, S.G.andSchillinger, W.F. (2003).Seed priming winter wheat for
germination, emergence, and yield.Crop Sci. 43: 2135-2141.

Ghassemi-Golezani, K.andEsmaeilpour, B. (2008).The effect of saltpriming on
the performance of differentially matured cucumber (Cucumissativus)
seeds.Not. Bot. Hort.Agrobot.Cluj.36:67—70.

Ghiyasi, M., PouryousefMyandoab,M., Tajbakhsh,M., Salehzadeh,H.and
Meshkat,M.V. (2008). Influence of different osmopriming treatment on
emergency and yield of Maize (Zea mays L.). Res. J. Biol. Sci. 3(12):
1452-1455.

Giri, G.S., and Schillinger, W.F.,(2003). Seed priming winter wheat for
germination, emergence and yield.Crop Sci. 43: 2135-2141.

Goobkin, A.(1989). Method of vegetable seed germination improvement.Acta.
Hort.253: 213-216.

Grandi, T.M., MarinhoG.J., Lopes,D.A., and Araujo,A.P. (1999). Effect of seed
phosphorous concentration on nodulation and growth of three common
bean cultivars.J. of Plant Nutrition.22: 1599-1611.

82



Gray, D., Steckel, J.R.and Hands, L.J. (1990). Response of vegetable seeds to
controlled hydration. Annals of Bot.66: 227-235.

Gray, D. and Steckel,J.R.A. (1983). Seed quality in carrots: The effects of seed
crop plant density, harvest date and seed grading on seed and seedling
viability. J. Hort. Sci. 58: 393-401.

Grieve, C.and Fujiyama, M.H. (1987).The response of two rice cultivars to
external Na'/Ca” ratio. Plant Soil 103: 345-250.

Grzesik, M.andNowekA.K. (1998), Effects of matri conditioning and
hydropriming on Helichrysumbracteatum L. seed germination, seedling
emergence and stress tolerance.Seed Sci. Technol. 26: 363-376.

Gul, B.and Khan, M.A. (2003).Effect of growth regulators and osmotic in
alleviating salinity effects on the germination of
Salicorniautahensis.Pak. J. Bot.35:877-886.

Hampton, J.G. and Tekrony,D.M. (1995). Handbook of ISTA vigour test
methods. 3"Edn., Zurich: ISTA. 10. Jeng TL, Sung JM. 1994. Hydration
effect on lipid peroxidation and peroxide-scavenging enzyme activity of
artificially aged peanut seeds. Seed Sci. Technol.22: 531-539.

Harb, E.Z. (1992).Effect of soaking seeds in some growth regulators and
micronutrients on growth, some chemical constituents and yield of faba
bean and cotton plants.Bull Faculty Agric. Univ. Cairo.43:429-452.

Harris, D., Joshi, A., Khan, P.A., Gothkar, P.andSodhi, P.S. (1999). On-farm
seed priming in semi-arid agriculture: Development and evaluation in
corn, rice and chickpea in India using participatory methods. Exp. Agric.
35: 15-29.

Harris, D., Joshi, A., Khan, P.A., Gothkar, P.andSodhi, P.S. (2004). On-farm
seed priming in semi-arid agriculture: development and evoluation in
maize, rice and chickpea in India using participatory methods. Exp.
Agric. 35: 15-29.

83



Harris, D., Raghuwanshi, B.S., Gangwar, J.S., Singh, S.C., Joshi, K.D., Rashid,
A.andHollington, P.A. (2001).Participatory evaluation by farmers of on-
farm seed priming in wheat in India, Nepal, and Pakistan.Exp. Agric. 37:
403-415.

Harris, D., Tripathi,R.S.and Joshi,A.(2000).0On-farm seed priming to improve
crop establishment and vyield in direct-seeded rice. IRRI: Inter.
Workshop on Dry-seeded Rice Tech. 2000.

Harris, D., Rashid, A., Arif, M., and Yunas, M. (2004).Alleviating
micronutrient deficiencies in alkaline soils of North West Frontier
Province of Pakistan: on farm seed priming with zinc in wheat and
chickpea. In “International Workshop on Agricultural Strategies to
reduce Micronutrient Problems in Mountains and Other Marginal Areas
in South and South East Asia”. Kathmandu, 8-10 September, 2004.
Nepal Agricultural Research Council.

Harris, D., Breese, W.A.and Kumar Rao, (2005). The improvement of crop
yield in marginal environments using on-farm seed priming: nodulation,
nitrogen fixation, and disease resistance. Aust. J. Agric. Res.56:1211-
1218.

Hartz, T.K. and Caprile, J. (1995).Germination of sweet corn following seed
disinfestations, soil-matrix priming and microbial seed treatment.Hort.
Sci. 30: 1400-1402.

Hassanpouraghdam, M.B., EmaratPardaz,J.and FarsadAkhtar,N. (2009).The
effect of osmo-priming on germination and seedling growth of Brassica
napus L. under salinity conditions.J. Food, Agri. and Enviro. 7(2): 620-
622.

He, X.Q., Du, C., Shao, Z.and Li, Q. (2009).Effect of Salt and Water Stress on
Seed Germination of Dianthus Chinensis L. 2009 Acad. Conference on
Horticult.Sci. Technol. Proc. pp. 60-62.

Heydecker, W., Higgins, J.and Gulliver, R.L. (1973).Accelerated germination
by osmotic seed treatment. Nature 246:42-44.

84



Heydecker, W., Higgins,J.and Turner,Y.J.(1975).Invigoration of seed.Seed Sci.
Tech.3: 881-888.

Hoekstra, F.A., Golovina, E.A. and Buitink, J. (2001).Mechanisms of plant
desiccation tolerance.Trend. Plant Sci., 6: 431-438.

Hopkins. W.G. (1995).Introduction to plant physiology. In: Ajouri, A., H.
Asgedom and M. Becker. 2004. Seed priming enhances germination and
seedling growth of barley under conditions of P and Zn deficiency. J. PI.
Nutri. Soil Sci.167: 630-636.

Hur, S. N. (1991).Effect of osmoconditioning on the productivity of Italian
ryegrass and sorghum under suboptimal conditions.Korean J. Animal
Sci. 33: 101-105.

Igbal, M. and Ashraf, M. (2005).Changes in growth, photosynthetic capacity
and ionic relations in spring wheat (Triticumaestivum L.) due to pre-
sowing seed treatment with polyamines.Plant Growth Regul.46: 19-30.

Igbal, M. and Ashraf, M. (2007). Seed preconditioning modulates growth, ionic
relations, and photosynthetic capacity in adult plants of hexaploid wheat
under salt stress. J. Plant Nutr.30:381-396.

ISTA (2003), International Seed Testing Association, ISTA Handbook on

Seedling Evaluation, 3"d.

Janmohammadi, M., MoradiDezfuli, P. andSharifzadeh, F. (2008).Seed
invigoration techniques to improve germination and early growth of
inbred line of maize under salinity and drought stress.Gen. Appl. Plant
Physiol.34:215-226.

Janmohammadi, M., Moradi, P.D., Dezfuli, P. andSharifzadeh, F. (2009).Seed
invigouration techniques to improve germination and early growth of
inbred lines of maize under salinity and drought stress.Gen. App. PI.
Physiol.343(4): 215-226.

85



Job, D., Capron, I., Job, C., Dacher, F., Corbineau, F. and Come, D.
(2000).1dentification of germination specific protein markers and their
use in seed priming technology. In: Black M, Bradford KJ, Vazguez-
Ramos J (eds) Seed biology: advances and applica-tions. CAB
International, Wallingford, pp 449-4509.

Jowkar, M., Ghanbari, A., Moradi, F. andHeidari, M. (2012).Alterations in
seed vigor and antioxidant enzymes activities in Silypummarianumunder
seed priming with KNO3.J. Med. Plants Res. 6(7):1176-1180.

Kader, M.A. andJutzi, S.C. (2004).Effects of thermal and salt treatments during
imbibition on germination and seedling growth of Sorghum at
42/19°C.J. Agron. And Crop Sci. 190:35-38.

Katembe, W.J., Ungar, I.A. and Mitchell, J.P. (1998).Effect of salinity on
germination and seedling growth of two Atriplex species
(Chenopodiaceae). Annals of Botany 82: 167-175.

Kathiresan, K., Kalyani, V. andGanarethinam, J.L. (1984).Effect of seed
treatments on field emergence, and early seedling growth of melons
early growth and some physiological processes of sunflower (Helianthus
annuus L.)Field Crop Res.9:215-217.

Kathiresan, K. andGnanarethinam, J.L., (1985). Effect of different durations of
drying on germination of pre-soaked sunflower seeds.Seed Sci.
Technol.13: 213-217.

Kaul, A. (1982). Pulses in Bangladesh. BARC (Bangladesh Agricultural
Research Council), Farmgate, Dhaka. p. 27.

Kaur, S. (2002).Effect of osmo and hydro priming of Chickpea seeds on the
performance of the crop in the field.International Chickpea and Pigeon
pea Newsletter.9: 15-17.

86



Kaur, S. Gupta, A.K. andKaur, N. (2002).Effect of osmo- and hydropriming of
chickpea on seedling growth and carbohydrate metabolism under water
deficit stress.Plant Growth Regul.37:17-22.

Kaur, S., Gupta, A.K. and Kaur, N. (2005). Seed priming increases crop yield
possibly by modulating enzymes of sucrose metabolism in chickpea. J.
Agron. and Crop Sci.191: 81-87.

Kaur, S., Gupta,A.K. and Kaur, N.(2003). Priming of chickpea seeds with
water and mannitol overcomes the effect of salt stress on seedling
growth. 'International Chickpea and Pigeon pea Newsletter.10: 18-20.

Kaur, S., Gupta, A.K. andKaur, N. (2002).Effect of osmo priming imporoves
salinity tolerance of chickpea varieties.Pak. J. Bot. 2683-2686.

Kaya, M.D., Okc, G. andAtak, Y.C. (2006). Seed treatments to overcome salt
and drought stress during germination in sunflower (Helianthus annuus
L.). Europ. J. Agron.24: 291-295.

Khajeh-Hosseini, M., Powell, A.A. andBimgham, I.J. (2003).The interaction
between salinity stress and seed vigor during germination of soybean
seeds.Seed Sci. Technol.31: 715-725.

Khalil, S.K., Mexal, J.G. and Murray, L.W. (2001). Germination of soybean
seed primed in aerated solution of polyethylene glycol (8000). J. Biol.
Sci.1:105-107.

Khalil, S.K., Mexal, J.G., Rehman, A., Khan, A.Z., Wahab, S., Zubair, M.,
Khalil,I.H. and Mohammad, F.(2010).Soybean mother plant exposure to
temperature stress and its effect on germination under osmotic
stress.Pak. J. Bot. 42(1): 213-225.

Khan, A., Shad, K.K., Amir, Z.K., Khan, B.M. andAshfaq, A. (2008).The roll
of seed priming in semi-arid area for mung bean phenology and
yield.Pak. J.Bot.40(6): 2471-2480.

Khan, M.A., Gul, B. and Weber, D.J. (2002).Improving seed germination of
Salicorniarubra (Chenopodiaceae) under saline conditions using

germination-regulating chemicals.West N. Am. Nat.62:101-105.

87



Khan, A., Khalil, S.K., Khan,S. and Afzal, A.(2005). Priming affects crop
stand of mungbean. Sarhad J. Agric.21: 535-538.

Khan, M.A.A. (1981).The effect of CO, environment on the pattern of growth
and development in rice and mustard. Ph. D. Dissertation. Royal
Vet.And Agril.Uviv.Copenhagen p. 104.

Korkmaz, A. and Pill, W.G. (2003).The effect of different priming treatments
and storage conditions on germination performance of lettuce seeds.Eur.
J. Hortic. Sci.68: 260-265.

Kulkarni, G.N., and Eshanna, M.R. (1988).Effect of presoaking of corn seed on
seed quality.Seed Sci. Res. 16: 37-40.

Kumar, R., Tyagi, C.S. and Ram, C. (2002).Association of laboratory seed
parameters with field performance in mung bean.Seeds and Farms.15:
33-36.

Lee, S.S. and Kim, J.H.(2000).Total sugars, a-amylase activity and germination
after priming of normal and aged rice seeds.Kore. J. Crop Sci.45: 108-
111.

Lee-suskoon, K.M., Hyeum, J., Beom, H.S., Minkyeong, K. and Euiho, P.
(1998).Optimum water potential, temperature and duration for priming
of rice seeds.J. Crop Sci.43:1-5.

Li, J., Yin, L.Y., Jongsma, M.A. and Wang, C.Y. (2011).Effects of light,
hydropriming and abiotic stress on seed germination, and shoot and root
growth  of  pyrethrum  (Tanacetumcinerariifolium).Ind.  Crop
Prod.34:1543-1549

Maiti, R.K., Arnab Gupta, Umasahankar, P., Raj Kumar, D. andVidyasagar, P.,
(2009). Effect of priming on seedling vigour and growth and
productivity of few vegetable species: Tomato, Chilli, Cucumber and
Cabbage. Inter. J.Agril.Environ.Biotechnol.2(4): 368-374.

Maiti, R.K., Sarkar, N.C. and Singh, V.P., (2006). Principles of post harvest
seed physiology and technology. Agrobios. India. p: 226.

88



Mansour, M.M.F., Salama, K.H.A., Ali, F.Z.M. andAbouHadid, A.F.
(2005).Cell and plant repsonses to NaCl in Zea mays L. cultivars
differing in salt tolerance.General and Applied Plant Physiology.31(1-
2): 29-41.

McDonald, M.B. (2000), Seed priming, Black, M., J. D. Bewley, (Eds.), Seed
Technology and Its Biological Basis, Sheffield Academic Press,
Sheffield, UK, 287-325.

Misra, N.M. and Dwibedi, D.P. (1980). Effects of pre-sowing seed treatments
on growth and dry matter accumulation of high yielding wheats under
rainfed conditions. Indian J. Agron.25: 230-234.

MoA (Ministry of Agriculture).(2013). Monthly Hand Book of Agricultural
Statistics, December.p. 14.

MoA(Ministry of Agriculture).(2014). Monthly Hand Book of Agricultural
Statistics, June.p. 57.

Mohseni, A., RezaeiSookhtAbandani, D., Ramezani, M.andMobasser, H.D.
(2010). Effects of osmopriming on germination of two-hybrid seeds of
corn; Scientific-Research Journal of Crop Physiology; Islamic Azad
University; Ahwaz Branch; 2(2):25-44.

Moradi, A.andYounesi, O. (2009).Effects of osmo- and hydropriming on seed
parameters of grain sorghum (Sorghum bicolor L.).Aust. J. Basic Appl.
Sci.3:1696-1700

MoradiDezfuli, P., Sharif-zadeh, F. and Janmohammadi, M. (2008). Influence
of priming techniques on seed germination behavior of maize inbred
lines (Zea mays L.). ARPN Journal of Agricultural and Biological
Science.3(3):22-25.

89



Murungu, F.S., Chiduza, C., Nyamugafata, P., Lark, L.J., Whalley, W.R. and
Finch-Savage, W.E. (2004). Effects of on- farm seed priming on
consecutive daily sowing occasions on the emergence and growth of
maize in semi-arid Zimbabwe. Field Crops Res. 89:49-57.

Musa, A.M., Harris, D., Johansen, C., Kumar, J. (2001). Short duration
chickpea to replace fellow after AMAN rice: The role of on-farm seed
priming in the high barind tract of Bangladesh. Expl. Agric. 37:509521.

Mussa, A., Johanse,C., Kumar,J.and Harris,D.(1999).Response of chickpea to
seed priming in the High Barind Tract of Bangladesh. Inter. Chickpea
and Pigeonpea Newsletter, 6:20-22.

Mwale, S., Hamusimbi,S. and Mwansa,K.(2003). Germination, emergence and
growth of sunflower Helianthus annus L. in response to osmotic seed
priming. Seed Sci. and Tech. 31:199-206.

Nagar, R.P., Dadlani,M.and Sharma,S.P.(1998).Effect of hydropriming on field
emergence and crop growth of maize genotypes.Seed Sci. Res.26: 1-5.

Nakaune, M., Hanada,A., Yin,Y.G., Matsukura,C.and Yamaguchi,S. (2012).
Molecular and physiological dissection of enhanced seed germination
using short-term low-concentration salt seed priming in tomato.Plant
Physiol. Biotech. 52:28-37.

Nascimento, W.M. and West,S.H. (1999).Muskmelon transplant production in
response to seed priming.Hort. Tech. 9:53-55.

Naseem, S.B., Khan, A.H., Islam, M., Mollah, U. and Ali, M.A. (1997).Effect
of seeding methods and varying surface soil moisture on the stand
establishment of mungbean (Vignaradiata L.).Bangladesh J. Sci. Indus.
Res.32:295-301.

Nasim, M., Qureshi, R., Aziz, T., Sagib, M., Nawaz, S., Sahi, S.T.andPervaiz,
S. (2008). Growth and ionic composition of salt stressed Eucalyptus
camaldulensis and Eucalyptus teretcornis. Pakistan J. of Botany.40:
799-805.

90



Nawaz, A., Amjad, M., Pervez, M.A.andAfzal, I. (2011).Effect of halopriming
on germination and seedling vigor of tomato.Afr. J. Agric. Res.6:3551—
3559

Nayyar, H., Walia,D.P. and Kaishta,B.L.(1995). Performance of bread wheat
(Triticumaestivum L.) seeds primed with growth regulators and
inorganic salts. In. J. Agric. Sci. 65:112-116.

Nighat, S., Sumaira, Y. and Farhat, F.J. (2006).Induction of salt tolerance in
chickpea by using simple and safe chemicals, Plant Protection Division,
Nuclear Institute for Agriculture And Biology (Niab), Pak. J.
Bot.38(2):325-329.

Nishimura, T., Cha-um, S., Takagakil, M., Ohyama, K. and Kirdmanee.(2011).
Survival percentage, photosynthetic abilities and growth characters of
two indica rice (Oryza sativa L. spp. indica) cultivars in response to iso-
osmotic stress, Spanish J. of Agri. Res. 9(1): 262-270.

Okcu, G., Demir, M.andAtaka, M. (2005).Effects of salt and drought stresses
on germination and seedlings growth of pea (Pisumsativum L.).Turkish
J. Agri.20:237-242.

Okonwo, J.C.andVanderlip,R.L. (1985).Effect of cultural treatment on quality
and subsequent performance of pearl millet seed.Field Crops Res. 11:
161-170.

Othman, Y., Al-Karaki, G., Al-Tawaha, A.R., and Al-Horani, A.
(2006). Variation in germination and ion uptake in barley genotypes
under salinity conditions.”World J.Agril. Sci.2(1): 11-15.

Ozbingol, N., Corbineau, F.and Come, D. (1998). Response of tomato seeds to
osmoconditioning as related to temperature and oxygen. Seed Sci.
Res.8:377-384.

Ozbingol, N., Cornineau, F., Groot, S.P.C., Bino, R.J.and Come, (1999).
Activation of the cell cycle in tomato (LycopersiconesculentumMill.)
seeds during osmoconditioning as related to temperature and oxygen.
Annals.of Bot. 84:245-251.

91



Parera, C.A. and Cantliffe, D.J. (1994).Pre-sowing seed priming.Hortic.Rev.
16: 109-141.

Parera, C.A.andCantliffe, D.J. (1991). Improved germination and modified
imbibition of shrunken-2 sweet corn by seed disinfection and solid
matrix priming. J. Am. Soc. Hort. Sci. 116:942-945.

Passam, H.C.andKakouriotis, D.(1994).The effects of osmoconditioning on the
germination, emergence and early plant growth of cucumber under
saline conditions.Sci.Hortic.57:233-240.

Patade, V.Y., Bhargava,S.and Suprasanna,P. (2009). Halopriming imparts
tolerance to salt and PEG induced drought stress in Sugarcane. Agric.
Ecosys. Environ.134:24-28.

Paul, S. R., and Choudhury, A. K. (1991).Effect of seed priming with
potassium salts on growth and yield of wheat under rain-fed
condition.Ann. Agric. Res. 12: 415-418.

Pill, W.G. and Necker,A.D. (2001).The effects of seed treatments on
germination and establishment of Kentucky bluegrass (Foapratensis
L.).Seed Sci. Technol. 29:65-72.

Posmyk, M.M.andJanas, K.M. (2007).Effects of seed hydropriming in presence
of exogenous proline on chilling injury limitation in Vignaradiata L.
seedlings.Acta. Physiol. Plant29:509-517.

Radi, A.F., Shaddad, M.A.K., El-Enany, A.E.andOmran, F.M.
(2001).Interactive effects of plant hormones (GA; or ABA) and salinity
on growth and some metabolites of wheat seedlings. In: Horst WJ,
Schenk MK, Burkert A, Claassen N, Flessa H, Frommer WB, Goldbach
H, Olfs HW, Romheld V (eds) Plant nutrition, food security and
sustainability of agro-ecosystems through basic and applied research.
14th international plant nutrition colloquium, Han-nover, Germany, pp
436-437.

Rahman, M.A. and Ali, M.O. (2007).The Causes of Decrease in Pulse
Production and its Remedy.Indian J. Agron.10(2):5-6.

92



Rahmianna, A.A., Adisarwanto, T. and Kirchhof, G. (2000).Crop establishment
of legumes in rainfed lowland rice-based cropping systems.Soil Till.
Res.56(1/2):67-82.

Rashid, A., Harris, D., Hollington, P.and Khan, P. (2006).0On-farm seed
priming for barley on normal, saline and saline-sodic soils in NWFP,
Pakistan.Europ. J. Agro.24:276-281.

Rashid, P., Aollington, A., Harris, D.and Khan, K. (2005). On farm seed
priming for barely on normal, saline and saline sodic soils in North West

Frontier Province, Pakistan.

Rengasamy, P. (2006).World salinization with emphasis on Australia.J. Exp.
Bot.57:1017-1023.

Reyes, L.F.and Cisneros-Zevallos, L. (2007). Electron-beam ionizing radiation
stress affects on mango fruit (Mangiferaindica L.) antioxidant
constituents before and during post harvest storage. J. Agric. Food
Chem.55:6132-6139.

Rithichai, P., Sampantharat, P.andJirakiattikul, Y. (2009). Coriander
(Coriandrumsativum L.) seed quality as affected by accelerated aging
and subsequent hydropriming. As. J. Food Ag-Ind. Special Issue:S217—
S221.

Ros, C., Bell,R.W.and White,P.F. (1997).Effects of seed phosphorus and soil
phosphorus application on early growth of rice (Oryza sativa L.) cv.
IR66.J. of Soil Science and Plant Nutrition 43:499-500.

Rouhi, H.R., Aboutalebian, M.A.and Sharif-Zadeh, F. (2011). Effects of hydro
and osmopriming on drought stress tolerance during germination in four
grass species. Int. J. Agric. Sci.1:701-774.

Rouhi, H.R., Afshari, R.T., Moosavi, S.A.andGharineh, M.H. (2010).Effects of
osmopriming on germination and vigour traits of bersim clover
(Trifoliumalexandrinum L.).Not. Sci. Biol.2:59-63.

93



Rowse, H.R. (1995). Drum priming-A non-osmotic method of priming seeds.
Seed Sci. Tec., 24: 281-294. Ryan, J. 1997. Accomplishments and future
challenges in dry land soil fertility research in the Mediterranean area.
Intl. Center for Agric. Res.In Dry Areas ICARDA, PO. Box 5466,
Aleppo, Syria. p.369.

Ruan, S., Xue,Q.and Tylkowska,R.(2002a).Effects of seed priming on
germination and health of rice (Oryza sativa L.) seeds.Seed Sci.
Technol.30:451-458.

Ruan, S., Xue, Q.andTylkowska, K. (2002b). The influence of priming on
germination of rice Oryza sativa L. seeds and seedling emergence and
performance in flooded soil. Seed Sci. Technol.30:61-67.

Salinas, A.R. (1996). Influence of Glycine max (L.) Merrill seed quality on
crop establishing and overcoming of ambiental
stress.PesquisaAgropecuariaBrasileira. 31:379-386.

Sarwar, N., Yousaf, S. andJamil, F.F. (2006).Induction of salt tolerance in
chickpea by using simple and safe chemicals.Pak. J. Bot. 38:325-329.

Sekiya, N. and Yano, K.(2009).Seed P-enrichment as an effective P supply to
wheat.Plant and Soil, 327:347- 354.

Senaratna, T., Touchell, D., Bunn,E. and Dixon, K.(2000). Acetyl salicylic acid
(aspirin) and salicylic acid induce multiple stress tolerance in bean and
tomato plant. Plant Growth Regul.30: 157-161.

Shafi, M., Bakht, J., Hassan, M.J., Raziuddin, M. and Zhang, G. (2009). Effect
of cadmium and salinity stresses on growth and antioxidant enzyme
activities of wheat (Triticumaestivum L.). Bull.
Environ.Contam.Toxicol.82:772—776.

Sharifzadeh, F., HeidariZolleh, H., Mohamadi, H.andJanmohamadi, M.
(2006).Study of osmotic priming effects on wheat (Triticumaestivum)
germination in different temperatures and local seed masses.Agron. J.5:
647-650. http://dx.doi.org/10.3923/ja.2006.647.650.

94


http://dx.doi.org/10.3923/ja.2006.647.650

Sharma, A.R. and Behera, U.K. (2009). Nitrogen contribution through
Sesbaniagreen manure and dual-purpose legumes in maize-wheat
cropping syste: Agronomic and economic considerations. Plant Soil,
325: 289-304.

Singh, B.G. andRao, G. (1993).Effects of chemical soaking of sunflower
(Helianthus annuus L.) seed on vigour index.Indian J. Agric.
Sci.63:232-233.

Sivritepe, N., Sivritepe, H.O. and Eris, A. (2003).The effects of NaCl priming
on salt tolerance in melon seedlings grown under saline
conditions.ScientiaHorticulturae97(3-4): 229-237.

Sivritepe, N., Sivritepe, H.O. and Eris, A., (2002). The effects of NaCl priming
on salt tolerance in melon seedlings grown under saline
conditions.Scientiahorticulturae.97: 229-237.

Srivastava, A.K., Lokhande, V.H., Patade, V.Y., Suprasanna, P., Sjahril, R.and
D’Souza,S..F (2010a). Comparative evaluation of hydro-, chemo-, and
hormonal priming methods for imparting salt and PEG stress tolerance
in Indian mustard (Brassica juncea L.). Acta. Physiol. Plant32:1135-
1144,

Srivastava, A.K., Suprasanna, P., Srivastava, S.and D’Souza, S.F.
(2010b).Thiourea mediated regulation in the expression profile of
aquaporins and its impact on water homeostasis under salinity stress in
Brassica juncea roots. Plant Sci.178:517-522.

Srivastava, M.K. and Dwivedi,U.N. (1998). Salicylic acid modulates
glutathione metabolism in pea seedlings. J. of Plant Physiol. 153: 404—
409.

Steel, R.G.D., Torrie, J.H. and Dickey, D.A. (1997).Principles and Procedures
of Statistics.A Biometric Approach.3™ ed. McGraw Hill Book.Co. Inc.
New York. pp. 107-1009.

Stofella, P.J., Lipucci, D.P., Pardossi, A.andToganoni, F. (1992). Seedling root

morphology and shoot growth after seed priming or pre-emergence of

95



bell pepper. Journal of American Society of Horticultural Sciences27:
214-215.

Sun, Y.Y., Sun,Y.J., Wang,M.T., Li,X.Y., Guo,X. Hu,R. and Jun,M.A. (2010).
Effects of seed priming on germination and seedling growth under water
stress in rice. Acta.Agron.Sin.36(11):1931-1940.

Sung, J.M.and Chiu, K.Y. (1995). Hydration effects on seedling emergence
strength of watermelon seed differing in ploidy. Plant Sci.110:21-26.

Sung, F.J.M.andChang,Y.H. (1993). Biochemical activities associated with
priming of sweet corn seeds to improve vigor. Seed Sci. Technol. 21:
97-105.

Talebian, M.A., Sharifzadeh, F., Jahansouz, M.R., Ahmadi, A.andNaghavi,
M.R. (2008). Evaluation the effect of seed priming on germination,
seedling stand and grain yield of wheat cultivars (Triticumaestivum L.)
in three different regions in Iran. Ir. J. Crop Sci.39(1): 145-154.

Tavili, A., Zare, S.andEnayati, A. (2009).Hydropriming, ascorbic and salicylic
acid influence on germination of Agropyronelongatum Host. seeds
under salt stress. Res. J. Seed Sci.2:16-22.

Tavili, A., Zare, S., Moosavi, S.A.andEnayati, A. (2011).Effects of seed
priming on germination characteristics of Bromus species under salt and
drought conditions.American-Eurasian J. Agric. Environ. Sci.10:163—
168.

Taylor, A.G., Allen, P.S., Bennett, M.A., Bradford, K.J., Burris, J.S.andMisra,
M.K., (1998).Seed enhancements.Seed Sci. Res.8: 245-256.

Thomson, C.J. and Bolger,T.P.(1993). Effects of seed phosphorus
concentration on the emergence and growth of subterranean clover
(Trifoliumsubterraneum).Plant Soil 155-156: 285-288.

Tiryaki, 1., Korkmaz, A., Nas, M.N.andOzbay, N, (2005). Priming combined
with plant growth regulators promotes germination and emergence of

dormant Amaranthuscruentus L. seeds. Seed Sci. Technol.33:571-579.

96



Tohidloo, G.and Kruse, M. (2009). Development of an Image Analysis Aided
Seedling Growth Test for Winter Oilseed Rape and Verification as a
Vigour Test. Seed Sci. Technol. 37: 98-109.

Toselli, M.E.andCasenave,E.C.(2002), Thehydrotime model analysis of
cottonseed germination as a tool in priming. Seed Sci. Technol. 30: 549-
557.

Toselli, M.E.andCasenaveE.C. (2003).Water content and the effectiveness of
hydro and osmotic priming of cotton seeds.Seed Sci. Technol. 31: 727-
735.

Umair, A., Ali, S., Ayat, R., Nsar, M.andTareen, M. (2011). Evaluation of seed
priming in mungbean (Vignaradiata) for yield, nodulation and
biological nitrogen fixation under rainfed conditions.A.fr. J.
Biotechnol.10(79):18122-18129.

Umair, A., AN,S., Bashir,K.and Hussain,S.(2010). Evaluation of different seed
priming techniques in mungbean(Vignaradiata).S. Envir.29: 181-186.

Varier, A.Vari, A.K.andDadlani, M. (2010).The subcellular basis of seed
priming.Curr. Sci. 99(4):450-456.

Vicente, M.J., Conesa, E., Alvarez-Rogel, J., Franco, J.A.andMartinez-
Sanchez, J.J. (2009). Relationships between salt type and seed
germination in three plant species growing in salt marsh soils of semi-
arid mediterraneanenvironments. Arid Land Res. Manage. 23: 103-114.

Wabhid, A., Perveen, M., Gelani, S.and Basra, S.M.A. (2007). Pretreatment of
seed with H,O, improves salt tolerance of wheat seedlings by alleviation
of oxidative damage and expression of stress proteins. J. Plant
Physiol.164:283-294.

Wang, W.B., Kim, Y.H., Lee, H.S., Kim, K.Y., Deng, X.P.andKwak, S.S.
(2009a). Analysis of Antioxidant Enzyme Activity During Germination
of Alfalfa under Salt and Drought Stresses. Plant Physiol. Biochemist.
47 570-577.

97



Wang, X.S., Zhao, G.Q.andGu, H.R. (2009b). Physiological and antioxidant
responses of three leguminous species to saline environment during seed
germination stage.Afr. J. Biotechnol. 8: 5773-5779.

Wattanakulpakin, P., Photchanachai, S., Ratanakhanokchai, K., Kyu, K.L.,
Ritthichai, P. and Miyagawa, S. (2012). Hydropriming effects on
carbohydrate metabolism, antioxidant enzyme activity and seed vigor of
maize (Zea mays L.). Afr. J. Biotechnol. 11(15):3537-3547.

Welbaum, G.E., Shen,Z., Oluoch,M.O.and Jett,L.W.(1998).The evolution and
effects of priming vegetable seeds.Seed Technol. 20, 209-235.

WunGuang, S. andKamiya, Y. (2009). Gibberellin Biosynthesis: Its Regulation
by Endogenous and EnvironmentalSignals. Plant.Cell. Physiol., 41(3):
251-257.

Xiong, L.and Zhu, J.K. (2002).Molecular and genetic aspects of plant

responses to osmotic stress.Plant Cell Environ.25:131-139.

Xu, S., Hu, B., He, Z., Ma, F.,Feng, J., and Yang, J.(2011).Enhancement of
salinity tolerance during rice seed germination by presoaking with
hemoglobin.Int. J. Mol. Sci.12:2488-501.

Yagmur, M. andKaydan, D. (2008).Alleviation of osmotic stress of water and
salt in germination and seedling growth of triticale with seed priming
treatments.A.fr.J .Biotechnol.7(13): 2156-2162.

Yamauchi.and Winn, T. (1996). Rice seed vigor and seedling establishment in
anaerobic soil.Crop Sci. 36: 680-686.

Yari, L., Abbassian, A. andRazavi, V. (2010a). The Effects of Priming
Treatment of Seeds on Mean Germination Time and Germination Rate
for Wheat Types; 11th Congress of Agricultura Science and Breeding of
Plants of Iran; Environmental Science Research Center, ShahidBeheshti
University, pp: 1865-1868

Yari, L., Aghaalikani, M., andKhazaei, F. (2010b).Effect of seed priming

duration and temperature on seed germination on behavior of bread

98


http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21731454
http://www.ncbi.nlm.nih.gov/pubmed?term=Xu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21731454
http://www.ncbi.nlm.nih.gov/pubmed?term=He%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=21731454
http://www.ncbi.nlm.nih.gov/pubmed?term=He%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=21731454
http://www.ncbi.nlm.nih.gov/pubmed?term=Feng%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21731454
http://www.ncbi.nlm.nih.gov/pubmed?term=Yang%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21731454
http://www.ncbi.nlm.nih.gov/pubmed/21731454

wheat (Triticumaestivum L.).ARPN Journal of Agricultural and

Biological Science, 5: 1- 6.

Yuan-Yuan, S., Yong-Jian, S., Ming-Tian, W., Xu-Yi, L.l., Xiang, G.U.O.,
Rong, H.U. and Jun, M,A, (2010), Effects of seed priming on germi-
nation and seedling growth under water stress in rice.
Acta.Agron.Sin.36:1931-1940.

Zareh, M., Mehrabioladi, A., andSharafzade, Sh. (2006). Evolution
effectsgibberellic acid (GA3) and IAl on germination and seedling
growth of wheat under salinity. J. of Agri. Sci. 4: 855-865.

Zhang, M., Nyborg,M. and Mcgill, W.B. (1990). Phosphorus concentration in
barley (HordeumvulgareL.) seed: Influence on seedling growth and dry
matter production. Plant Soil 122:79-83.

Zheng, G.H., Wilen, RW., Slinkard, A. E. and Gusta, L.V. (2002).
Enhancement of canola seed germination and seedling emergence at low
temperature by priming, Crop Sci. 34:1589-1593.

Zheng, G.H., Wilen, R.W.  Slinkard, A. E. and Gusta,
L.V.(1994).Enhancement of canola seed germination and seedling
emergence at low temperature by priming.Crop Sci. 34: 1589-1593.

Zhou, Z.S., Guo, K., Elbaz, A.A. and Yang, Z.M. (2009). Salicylic acid
alleviate mercury toxicity by preventing oxidative stress in roots of
Medicago sativa. Environ. Exp. Bot.65:27-34.

Zhu, J.J., Kang, H.Z., Tan, H. andXu, M.L. (2006).Effects of Drought Stresses
Induced by Polyethylene Glycol on Germination of PinusSylvestris Var.
Mongolica Seeds from Natural and Plantation Forests on Sandy Land.J.
Forest Res. 11: 319-328.

99



APPENDICES

Appendix I: Mean square values on different concentrations of mannitolfor total

germination percentage of mungbean

BARI Mung-6 | Sum of Squares | df Mean Square F Sig.
Between Groups 440.121 5 88.024 3.565 .033
Within Groups 296.282 12 24.690
Total 736.403 17
BU-4 Sum of Squares | df Mean Square F Sig.
Between Groups 1854.740 5 370.948 8.014 .002
Within Groups 555.422 12 46.285
Total 2410.162 17

Appendix Il: Mean square values on different concentrations of mannitol for

mean germination time of mungbean

BARI Mung-6 | Sum of Squares | df Mean Square F Sig.
Between Groups 6.351 5 1.270 .870 529
Within Groups 17.527 12 1.461
Total 23.879 17
BU-4 Sum of Squares | df Mean Square F Sig.
Between Groups 436 5 .087 3.435 .037
Within Groups .304 12 .025
Total .740 17
Appendix I11: Mean square values on different concentrations of mannitol for
germination index of mungbean
BARI Mung-6 | Sum of Squares | df Mean Square F Sig.
Between Groups 108.767 5 21.753 5.703 .006
Within Groups 45,772 12 3.814
Total 154.539 17
BU-4 Sum of Squares | df | Mean Square F Sig.
Between Groups 1017.795 5 203.559 25.805 .000
Within Groups 94.661 12 7.888
Total 1112.456 17
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Appendix 1V: Mean square values on different concentrations of mannitol for

coefficient of valocity of mungbean

BARI Mung-6 | Sum of Squares [ df Mean Square F Sig.
Between Groups 3.023 5 .605 1.408 .289
Within Groups 5.152 12 429
Total 8.174 17
BU-4 Sum of Squares | df Mean Square F Sig.
Between Groups 1.977 5 395 9.296 .001
Within Groups 510 12 .043
Total 2.487 17

Appendix V: Mean square values on different concentrations of mannitol for

energy of emergence of mungbean

BARI Mung-6 | Sum of Squares | df Mean Square F Sig.
Between Groups 307.809 5 61.562 3.920 .024
Within Groups 188.463 12 15.705
Total 496.272 17
BU-4 Sum of Squares | df Mean Square F Sig.
Between Groups 3865.151 5 773.030 21.243 .000
Within Groups 436.680 12 36.390
Total 4301.830 17

Appendix VI: Mean square values on different concentrations of mannitol for

shoot length of mungbean

BARI Mung-6 Sum of Squares df Mean Square F Sig.
Between 5080.507 5 1016.101 84.83 .000
Groups 2

Within Groups 143.733 12 11.978

Total 5224.240 17
BU-4 Sum of Squares df Mean Square F Sig.
Between 1422.971 5 284.594 4.853 012
Groups
Within Groups 703.707 12 58.642
Total 2126.678 17
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Appendix VII: Mean square values on different concentrations of mannitol for
root length of mungbean

BARI Mung-6 | Sum of Squares df Mean Square F Sig.
Between Groups 612.896 5 122.579 22.036 .000
Within Groups 66.753 12 5.563
Total 679.649 17
BU-4 Sum of Squares df Mean Square F Sig.
Between Groups 408.224 5 81.645 3.287 .042
Within Groups 298.053 12 24.838
Total 706.278 17

Appendix VIII: Mean square values on different concentrations of mannitol for
seedling length of mungbean

BARI Mung-6 | Sum of Squares df Mean Square F Sig.
Between Groups 8129.092 5 1625.818 86.009 .000
Within Groups 226.833 12 18.903
Total 8355.925 17
BU-4 Sum of Squares df Mean Square F Sig.
Between Groups 2367.060 5 473.412 4411 .016
Within Groups 1287.840 12 107.320
Total 3654.900 17

Appendix IX: Mean square values on different concentrations of mannitol for
seedling dry weight of mungbean

BARI Mung-6 | Sum of Squares df Mean Square F Sig.
Between Groups 1187.884 5 237.577 78.022 .000
Within Groups 36.540 12 3.045
Total 1224.424 17
BU-4 Sum of Squares df Mean Square F Sig.
Between Groups 2126.978 5 425.396 70.521 .000
Within Groups 72.387 12 6.032
Total 2199.365 17

Appendix X: Mean square values on different concentrations of mannitol for
vigour index of mungbean

BARI Mung-6 | Sum of Squares df Mean Square F Sig.
Between Groups 8213.487 5 1642.697 31.657 .000
Within Groups 622.683 12 51.890
Total 8836.170 17
BU-4 Sum of Squares df Mean Square F Sig.
Between Groups 7563.309 5 1512.662 7.336 .002
Within Groups 2474.271 12 206.189
Total 10037.580 17
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Appendix XI:

Mean square values on different priming time for total
germination percentage of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 2924.934 10 292.493 15.512 .000
Within Groups 414.830 22 18.856
Total 3339.764 32

Appendix XIl: Mean square values on different priming time for mean
germination time of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 426 10 .043 4.883 .001
Within Groups 192 22 .009
Total 617 32

Appendix XIII: Mean square values on different priming time for germination

index of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 1031.411 10 103.141 25.455 .000
Within Groups 89.140 22 4.052
Total 1120.551 32

Appendix XIV: Mean square values on different priming time for coefficient of
valocity of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 6.881 10 .688 1.281 .300
Within Groups 11.821 22 537
Total 18.701 32

Appendix XV: Mean square values on different priming time for energy of
emergence of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 3743.586 10 374.359 20.513 .000
Within Groups 401.489 22 18.250
Total 4145.075 32

Appendix XVI: Mean square values on different priming time for shoot length of

mungbean
Sum of Squares | df Mean Square F Sig.
Between Groups 4300.383 10 430.038 90.644 .000
Within Groups 104.373 22 4.744
Total 4404.756 32

103




Appendix XVII: Mean square values on different priming time for root length of

mungbean
Sum of Squares | df Mean Square F Sig.
Between Groups 1208.456 10 120.846 26.452 .000
Within Groups 100.507 22 4.568
Total 1308.962 32

Appendix XVIII: Mean square values on different priming time for seedling
length of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 3514.623 10 351.462 32.441 .000
Within Groups 238.347 22 10.834
Total 3752.970 32

Appendix XIX: Mean square values on different priming time for seedling dry
weight of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 7537.392 10 753.739 199.386 .000
Within Groups 83.167 22 3.780
Total 7620.559 32

Appendix XX: Mean square values on different priming time for vigour index of

mungbean
Sum of Squares | df Mean Square F Sig.
Between Groups 4054.939 10 405.494 20.297 .000
Within Groups 439.521 22 19.978
Total 4494.460 32

Appendix XXI: Mean square values for totalgermination percentage under salt
stress condition of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 7477.983 14 534.142 47.501 .000
Within Groups 337.346 30 11.245
Total 7815.329 44
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Appendix XXII: Mean square values for mean germination time under salt
stress condition of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 1.443 14 103 2.628 .013
Within Groups 1.176 30 .039
Total 2.619 44

Appendix XXI1I: Mean square values for germination index under salt stress
condition of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 2239.651 14 159.975 119.422 .000
Within Groups 40.187 30 1.340
Total 2279.839 44

Appendix XXIV: Mean square values for coefficient of valocity under salt stress
condition of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 17.336 14 1.238 2517 017
Within Groups 14.757 30 492
Total 32.093 44

Appendix XXV: Mean square values for energy of emergence under salt stress
condition of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 8160.984 14 582.927 82.261 .000
Within Groups 212.589 30 7.086
Total 8373.573 44

Appendix XXVI: Mean square values for shoot length under salt stress condition

of mungbean

Sum of Squares | df Mean Square F Sig.
2783.70
Between Groups 75428.532 14 5387.752 0 .000
Within Groups 58.064 30 1.935
Total 75486.596 44
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Appendix XXVII: Mean square values for root length under salt stress condition

of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 20078.091 14 1434.149 440.907 .000
Within Groups 97.582 30 3.253
Total 20175.673 44

Appendix XXVIII: Mean square values for seedling length under salt stress
condition of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 169695.776 14 12121.127 2615 68 .000
Within Groups 139.169 30 4.639
Total 169834.945 44

Appendix XXIX: Mean square values for seedling dry weight under salt stress
condition of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 35977.497 14 2569.821 771.271 .000
Within Groups 99.958 30 3.332
Total 36077.455 44

Appendix XXX: Mean square values for vigour index under salt stress condition

of mungbean

Sum of Squares | df Mean Square F Sig.
Between Groups 81729.511 14 5837.822 587.706 .000
Within Groups 297.997 30 9.933
Total 82027.507 44
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8% mannitol

BARI Mung-6

Plate 1: Effect of different concentration of priming solution on germination
behabiour of mungbean varieties (BARI Mung-6 and BU-4)
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Plate 2:Effect of different priming time (water and mannitol primed) on
germination behabiour of mungbean.
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Plate 3: Effect of different salinity levels on (A) mannitol primed, (B) water
primed and (C) control seeds of mungbean. Here T1= Without salt stress, T,= 50
mM salt, T3= 100 mM salt, T,= 150 mM salt and Ts= 200 mM salt stress.

109



