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INDUCTION OF DROUGHT TOLERANCE CAPACITY OF MUNGBEAN
THROUGH MANNITOL AND HYDROPRIMING

ABSTRACT

A laboratory experiment was set-up at the Agronomy lab of the Central
Laboratory, Sher-e-Bangla Agricultural University (SAU), Sher-e-Bangla
Nagar, Dhaka-1207 during 22 April to 15 June, 2018. The experiment was
undertaken to evaluate the effect of pre-sowing seed treatment with mannitol in
relation to drought tolerance and to optimize the priming time of the best priming
solution concentration on mungbean (Vigna radiata L.) (BARI Mung 6 and
Binamoog 5). The whole experiment was alienated into three experiments. In
first experiment, two mungbean varieties were primed in water and mannitol
(2%, 4%, 6%, and 8%) for 9 hours and dry seed used as control. The highest
germination percentage (96.66%), germination index (80.75) and energy of
emergence (98.00%) was were obtained from seeds primed in 4% mannitol for
Binamoog 5 and highest coefficient of velocity (22.46), shoot length (153.8 mm),
root length (92.98 mm), seedling dry weight (90.49 mg), vigor index (235.3),
water content (90.47%) and water retention capacity (20.70) were obtained from
seeds primed in 6% mannitol for BARI Mung 6. In second experiment, BARI
Mung 6 and Binamoog 5 was primed in under 6% and 4% mannitol solution and
distilled water respectively for 0, 3, 6, 9, 12 and 15 hours. 9 hours priming with
6% mannitol showed the best result in BARI Mung 6 and in Binamoog 5, 6 hours
priming with 4% mannitol stated the best results for inducing drought tolerance.
In the final experiment, seeds were primed with distilled water and 6% mannitol
with 9 hours for BARI Mung 6 and 4% mannitol with 6 hours for Binamoog 5;
dry seed used as control and were exposed to 0%, 5%, 10%, 15%, and 20%
Polyethylene Glycol (PEG) induced drought stress conditions in Petri dishes.
Priming with mannitol followed by water were more effective than the control
seed in inducing drought tolerance of mungbean cultivars owing to enhance
germination and growth parameters under drought stress condition. From the
results of the study, it was observed that 9 hours priming with 6% mannitol
showed the best result in BARI Mung 6 and in Binamoog 5, 4% mannitol
priming for 6 hours stated the best results in comparison to water primed seed
and non-primed seed.

Xiv



CHAPTER |
INTRODUCTION

Mungbean (Vigna radiata L.) is a conventional pulse crop in Bangladesh
belonging to the family Fabaceae. It has high nutritive value, and due to this, has
advantage over the other pulses. Pulses are known as poor man’s meat and cheap

source of vegetable protein containing 20-25% protein. The mungbean (Vigna

radiata) is valued among the entire pulse species because it is an easily digestible
pulse (Imran et al., 2016). It holds the 3rd place in protein content and 4th place
in both acreage and production among other pulses in Bangladesh (BBS, 2017a).

It is widely cultivated in the tropical and sub-tropical regions of the world and
many of countries sprouted seeds are used as vegetable. In Bangladesh, whole or
split seeds are used as Dal (soup). The seed contains 348 kcal energy, 24.5 mg
protein, 1.2 mg fat, 59.9 mg carbohydrate, 75 mg calcium, 8.5 mg minerals, 0.72
mg thiamin, 0.15 pg riboflavin, 49 ug beta-carotene per 100 g seed, respectively
(BARI, 2008). Mungbean is also an excellent source of protein with an ideal
essential amino acid profile (Mubarak, 2005). It contains a variety of essential
amino acids and is rich in lysine. The intake of mungbean protein may improve
the plasma lipid profile by normalizing insulin sensitivity (Tachibana et al.,
2013). Mungbean also contains fatty acids such as linoleic acid and linolenic
acid that promote the growth and health of organisms. The physical and chemical
properties of triglycerides and their applications depend on the fatty acid
constituents in molecules (Botinestean et al., 2012). Besides, it has nitrogen-
fixing and phosphorous-freeing properties, like other legume crops. Pulses help
increase the organic matter and microbial activity (e.g. bacteria, fungi) in the
soil. They can also improve soil structure and water retention capacity while

helping to reduce wind and water erosion (Biederbeck et al., 2005).

According to FAO (2013) daily consumption rate of pulse should be 80 g/day,
but in Bangladesh only 14.2 g/day (BBS, 2017b). At present, total pulse grown

area is 0.373 million hectare and production 0.387 million tons, where mungbean



Is grown only in the area of 0.041 million hectare with the production of 0.035
million tons (BBS, 2017a) which is insufficient to meet up national demand for

low productivity.

Growth and productivity of crops are affected by various types biotic and abiotic
stress. Plants are normally faced lot of stresses such as salt, drought, oxidative
stress and others. Abiotic stresses such as drought and heat has been shown to be
more destructive to crop production at different crop growth stages (Prasad et
al., 2011). Stress affected the normal functions of individual life or the conditions
in which plants are prevented from fully expressing their genetic potential for
growth, development and reproduction (Levitt, 1980). Inadequate soil moisture
in the seedbed is a major constrain to the establishment of the crop, because of
reducing germination and emergence. It has been established that drought stress
IS a very important limiting factor at the initial phase of plant growth and
establishment. It affects both elongation and expansion growth (Anjum et al.,
2003; Shao et al., 2008). Drought stress has been reported to severely reduce
germination and seedling stand (Kaya et al., 2006) also reduces seed yield

usually as a result of fewer pods and seeds per unit area (Specht et al., 2001).

A lot of strategies are established to escape the adverse effects of drought. The
most effective strategy is the selection of drought tolerant vearities and cultivars
(Pavlousek, 2011). However, pre-sowing seed treatments can be an alternative
to overcome the drought stress condition of crops (Ghiyasi et al., 2008). Seed
priming is a useful treatment, applied prior to planting, which partially hydrates
the seeds to a point of germination process initiation, followed by drying which
prevents radicle emergence. Seed can be primed by either uncontrolled hydration
- hydropriming (Casenave and Tosselli, 2007; Ghassemi-Golezani et al., 2010a)
or controlled hydration methods which include osmotic priming, solid matrix
priming and hormonal priming (Basra et al., 2006; Foti et al., 2008). Seed
priming techniques have been used to accelerate emergence of more vigorous

plants and better drought tolerance in many field crops like wheat (Igbal and



Ashraf, 2007), chickpea, sunflower (Kaya et al., 2006), cotton (Casenave and
Toselli, 2007) triticale (Yagmur and Kaydan, 2008).

Seed priming induced measurable changes in chemical activities including
greater o-amylase activity, increasing free sugars and DNA during seed
germination and it may be helped to improve germination (Sung and Chang,
1993). Primed seeds of mungbean exhibited significant difference in germination
percentage and seed moisture percentage over non-primed seeds (Saha et al.,
2006). It has been found a promising technology to improve rapid and uniform
emergence, high vigor, and Dbetter yields for vegetable and field crops
(Janmohammadi et al., 2009; Rouhi et al., 2011).

In Bangladesh a little is known about hydro priming but osmotic priming induced
drought tolerant capacity in mungbean is not well established. Therefore, the
present study on seed priming of mungbean was conducted with following

objectives:

1) To analyze the germination behavior of mungbean at different

concentrations of priming agents (Mannitol and Distilled water).

2) To estimate the pre-sowing priming time on the germination behavior of

mungbean.

3) To evaluate the germination behavior of primed seed (mungbean) under

drought (Polyethylene Glycol) stress condition.



CHAPTER Il
REVIEW OF LITERATURE

Mungbean is a valued pulse crop in Bangladesh but its production is greatly
affected by drought stress. Pre-sowing treatment of seeds improve the
germination under various stress conditions. Seed priming is the most important
techniques to escape those adverse condition. Available literatures on priming of
seeds on different legume and others corps are studied by different authors as

followed:

2.1 Seed priming

The history of seed priming dates back to 60 A.D. Attempts to improve seed
germination have been reported since Ancient Greeks. Theophrastus (372-287
BC) recommended presoaking of cucumber seeds in milk or water to make them
germinate earlier and vigorously (Evanari, 1984). Darwin (1855a, b) tested
osmo-priming conditions by soaking the seeds of Lepidium sativum and lettuce

in seawater and noticed improved germination.

Seed priming is treated of seeds in a solution of priming agent followed by drying
that initiates germination processes without the radical emergence (McDonald,
1999). Priming allowed to begin the biochemical processes and metabolism of
sugars and hydrolysis inhibitors during the first and the second stages of
germination before the emergence of the radical (Parmoon et al., 2013). Various
advantages are reported in seed priming to eliminate physiological and
pathological stresses that results in utilization, activation and enhancement of

various cellular defense responses and resistance (Conrath et al., 2002).

Priming effects are related with the fixing and building-up of nucleic acids,
improved synthesis of proteins and repairing of the cell membranes (McDonald,
2000). Pre-treatment of seed also boosts the actions of anti-oxidative enzymes
(McDonald, 1999; Wang et al., 2003 and Hsu and Kao, 2003).

Seed priming increased the germination, seedling emergence and crop yield

(Khan, 1992; Ghassemi-Golezani et al., 2008a and Ghassemi-Golezani et al.,

4



2010a). Advantages of seed priming have been observed in many crops e.g.
maize (Parera and Cantliffe, 1994), sunflower (Singh, 1995), sugar beet
(Sadeghian and Yavari, 2004), barley (Abdulrahmani et al., 2007), lentil
(Ghassemi-Golezani et al., 2008a), chickpea (Ghassemi-Golezani et al., 2008b),
pinto bean (Ghassemi-Golezani et al., 2010a) and winter rapeseed (Ghassemi-
Golezani et al., 2010b). Seeds are primed with H20- increases germination
percentage, shoot emergence, shoot and root lengths and weights (Amjad et al.,
2004; Cavusoglu and Kabar, 2010).

2.2 Priming effect on germination parameters
2.2.1 Germination percentage

Good germination ensures better establishment of crop and it is a big sign for
maximum crop yield. For that sometime seed treatment are necessary before
sowing. In the field conditions, primed seeds resulted earlier germination as it
restored deteriorated seeder parts and quickened germination because of speedier

developing life (Farooq et al., 2008).

Laghari et al. (2016) reported that seed priming is a controlled hydration method
in which seeds are soaked in water or low osmotic potential solution for a point
where germination related metabolic exercises start in the seeds, however radical
development does not happen. During seed priming, it was found effective for
legumes that is, yields of legume harvest were increased impressively by priming
seeds before sowing. The maximum mean seed germination (86.78%) was
recorded at Hydro-priming period 4 hours, whereas the lower seed germination

(68.88%) no priming in mungbean.

According to Posmyk and Janas (2007), at low temperature hydropriming and
hydro priming along with proline can be practiced as a harmless priming process
for betterment of seed germination and growth of Vigna radiata. Stress injuries
also repaired fast through hydroming. More even germination and emergence
were found in primed seeds on canola (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 defined hydropriming for 24 hr
betterment hardening, germination rate and percentage in seeds. (Farooq et al.,
2006).

Kumar et al. (2017) reviewed that, osmo-priming treated seed showed
significantly higher germination percentage in PEG at 20% followed by mannitol
4% in chick pea. It was informed by Kaya et al. (2006) seed priming had an
important result on increasing of germination percent; germination speed and
seedling dry weight of sunflower. Priming also decreased abnormal seedling in

drought stress.

Therefore, the positive effects of priming may be more obvious under
unfavorable rather than favorable conditions (Parera and Cantliffe, 1994). In
mungbean, 4 hr and 8 hr primed seeds presented substantial variation in
germination and seed moisture percentage over un-primed seeds (Saha et al.,
2006). Increasing germination rate by 10-15% was reported through hardening
(150 gm seeds soaked in 500 mL water for 18 and 24 hr) of older rice seeds, as
the process of increase total sugar content and a-amylase activity (Lee and Kim,
2000).

Seed priming hasten germination percentage, lessened emergence time and
enhanced yields are reviewed in many crops (Farooq et al., 2006b; Afzal et al.,
2006; Afzal et al., 2011a). Judicious doses of PEG (Polyethylene Glycol)
showed better tolerance at drought stress condition than hydro-priming, while

more doses of PEG had negative effects on germination (Sun et al., 2010).

Seed treated with Rhizobium + Pseudomanas @ 10% for 12 hr recorded higher
germination percentage (87%). It may due to completion of peregrination
metabolic activities, increased rate of cell division, apical dominance in shoot
and root apex. During seed priming, all those attributes making the seed ready
for soon germination after planting and the highest germination percentage
(Vishwas et al., 2017).

Natural priming has been shown to increase germination synchrony, rate and

final percentage in many species (Gonz_alez-Zertuche et al., 2001; Santini and



Martorell, 2013). Seed priming treatments not only improved germination rate
and time, but it also enhanced seedling vigour, as indicated by longer roots and

shoots and higher seedling dry weight (Mahajan et al., 2011).

2.2.2 Mean germination time (days)

Mean germination time reflects germination speed that cannot be measured by
germination percentage. Speed of germination may because of the accelerated
germination of primed seeds might be due to increased rate of cell division (Bose
and Mishra, 1992).

According to Basra et al. (2005) priming promoted to reduce mean germination
time over the un-primed one. The MGT is also dependent on the duration of
imbibitions and/or internal metabolic activities after imbibitions (the second
stage of germination). Priming activates internal metabolism required for

furthering the germination process.

Tavili et al. (2011) reported that speed of germination of Bromus increased with
seed priming treatments rather than that of control. Similarly, Elkoca et al.
(2007) determined that hydro priming treatment in chickpea induced faster and
more synchronous germination compared with the unprimed seeds. Furthermore,
Korkmaz (2005) for sweet pepper and Korkmaz and Pill (2003) for lettuce
reported that priming treatments generally improved the germination synchrony.
Besides, in terms of priming duration, priming treatment for 24 hr generally
reduced the germination synchrony compared with the treatment for 12 hr. This
result indicated that longer priming duration may overcome effect of decreased
water potential in osmo-priming treatments of lentil seeds.

At the time of different phases of seedling establishment priming plays very
significant role to reduce the time between planting and emergence and safe the
seeds from environmental stress. Uniform stands and improved yield could be
maintained through earlier and synchronized emergence (Farooq et al., 2006;
Afzal et al., 2006; Afzal et al., 2011a). Like germination percentage, prime seeds
need lower mean emergence time (MET) than non-primed seeds. Priming creates

stimulatory effects on the early phases of emergence by occurrence of cell
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division in germinating seeds (Hassanpouraghdam et al., 2009; Sivritepe et al.,
2003).

Improved seed priming methods were recognized to lessen emergence time,
achieve even emergence and ensure good crop stand in several horticultural and
field crops (Ashraf and Foolad, 2005). According to Finch-Savage et al. (2004)
without changing germination percentage priming minimize the optimum and
ceiling temperature for germination and also facilitated in progressing the
germination time.

Rashid et al. (2006) reported that “On-farm” hydropriming was very efficient in
speed germination, good crop establishment and increased yields for many crops
in various environmental condition.

Yucel (2012) found that Priming treatment influenced the MGT compared with
control seeds at all of the germination temperatures. In generally, seeds primed
for 24 hr reduced hours required reaching 50 % germination compared with the
seeds primed for 12 hr, but there was no significant difference between priming

durations.

Ghassemi-Golezani et al. (2008a) reported that lentil seeds priming with KNO3,
PEG and water showed the highest germination percentage. Like germination
percentage, it has been reported that primed seeds had lower mean germination
time. Seeds primed for 24 hr increased the germination percentage and decreased
mean germination time compared with seeds primed for 12 hr. This result
indicated that longer priming time may overcome adverse effects of decreased
water potential in osmo-priming treatments than control seeds (Sadeghi et al.,
2011, Saglam et al., 2010, and Dezfuli et al., 2008).

According to Basra et al. (1989) priming with polyethylene glycol or potassium
salt (KoHPO4 or KNOg) resulted in quicker emergence in corn seed. When
salinity and drought stress cause the reduction of germination speed, hydro
priming perform as a decent, economical and simple seed stimulating treatment

for inbreed lines of maize (Janmohammadi et al., 2008).



Gray et al. (1990) said that (-0.5 MPa) reduced the mean germination time of
seeds of lettuce, carrot and onion. Goobkin (1989) and Ozbingol et al. (1999)
also noticed that priming of tomato seeds with PEG, germinate sooner than non-
primed seeds and its might be due to quick water uptake. The possible cause for
early emergence of the primed seed could be for 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) showed that seed treating may help to overcome
dormancy through embryo advancement and leaching of emergence inhibitors

that lead to an earlier start of emergence.

According to Harris et al. (1999) early emergence and maturity in seed priming
treatment could be due to advancement in metabolic state. Musa et al. (1999)
also concluded that priming improve plant stand and provide benefits in term of
maturity. Seed priming resulted in earlier emergence of seedlings by 1-3 days

and significantly increased plant stand and initial growth vigour.

Singh et al., found that a steady decrease in number of days taken for seed
emergence from control or non-treated seeds to 16 hr of hydropriming. i.e.,
average number of days taken by control or non-treated seeds for 50% seed
emergence was 5.00 which was highest, and average number of days taken by
12 hr of hydropriming was 2.78 days which was lowest. Hydropriming of seeds
could have achieved earlier and more uniform germination than the unprimed
seeds. These positive effects are probably due to stimulatory effects of priming
on early stage of germination process by mediation of cell division in

germinating seeds (Ghassemi-Golezani et al., 2010c).

2.2.3 Seed germination index

Hydropriming could have advances the germination rate, speed (germination
index) and uniformity even under less optimum field condition (Kant et al.,

2006). Hosseein et al. (2011) reported that seed priming resulted in anti-oxidant



increment as glutathione and ascorbate in seed. These enzymes led to higher
germination speed via reduction of lipid peroxidation activity.

A critical analysis done by Singh et al. (2017) on different hydropriming and
osmo-priming treatments on pea have significant effect on germination index,
20% Polyethylene glycol (PEG) for 24 hr (9.11) shows significant effect on rest
of the treatments except 20% Polyethylene glycol (PEG) for 12 hr (8.92).
Elangbam et al. (2017) experimented that, the speed of germination in chickpea
as influenced by various seed treatment: Lemon juice, Panchgavya, GA3 and
IAA. The maximum speed of germination with GA3 might be due to its influence
in early germination and increased percent germination. The results are in

conformity with findings of Rajamanickam and Anbu (2001).

Rashid et al. (2006) stated that priming boosted speed of germination, better crop
stand and amplified yields in varied situations for a lot of crops (Khan et al.,
2008). Arif (2005) who described that seed priming hasten germination index as
it attributed to repair processes, a buildup of germination metabolites or osmotic

regulations during priming.

Kaur et al. (2003) conducted study to determine the effect of seed priming with
mannitol (4%), water and potassium nitrate on chickpea. The response of
chickpea seedlings to salt stress was also studied. In general priming with water
and mannitol resulted in early germination under salt stress. Priming with 4%
mannitol was also as effective as mannitol and water in the enhancement of root
and shoot growth. Osmo-priming methods, Mannitol primed seed gave higher

germination index than that of NaCl primed.

2.2.4 Coefficient of velocity

Coefficient of velocity (CV) is a measure of vigour (Scott et al., 1984).
Generally, CV increases as more seeds germinate and with shorter germination
time. The CV gives an indication of the speed and uniformity of seedling growth
(i.e., a higher CV means higher vigour).

Khan et al. (1980) cited that primed cabbage seeds kept at 15° C had accelerated
emergence and gave increased plant fresh weight. Khan et al. (1980) stated from
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Nyarko et al. (2006) also reported that cabbage seeds primed and expose to
vernalization temperature (0°- 5° C) for 8 weeks had a higher CV than non-
primed seeds. In primed leek seeds, the significant benefit in germination
performance was accompanied by marked increases in protein, DNA and
nucleotide biosynthesis. During priming of tomato seeds, the breakdown of
protein bodies was more extensive in endosperm cells at the micropylar region
than was observed prior to germination in non-primed seeds (Haigh, 1988).
Therefore, there is ample evidence that priming of Bambara and Sorghum seeds,
prior to germination, prevent radicle elongation during germination process by
removing the water and drying seeds to original moisture content and improved
the rate of germination after sowing. It has been reported that primed seeds
showed better germination pattern and higher vigour levels than non- primed
(Ruan et al., 2002b).

2.2.5 Energy of emergence (%)

Seed priming boosts rapidity and uniformity of germination (Khalil et al., 2010;
Khan et al., 2008; Heydecker et al., 1975) through inducing several chemical
alterations in the seed. That alterations are obligatory to begin the germination,
such as breaking of dormancy, hydrolysis or mobilization of inhibitors,
imbibition and enzyme activation. Some or all of these ways that lead the
germination are faster by priming and continue following the re-desiccation of
the seeds (Asgedom & Becker, 2001).

Primed seed can quickly uptake and revive the seed metabolism, subsequently
advanced germination rate and lessening the internal physiological heterogeneity
in germination (Rowse, 1995). The consequential improved crop stand can
apparently enhance the drought tolerance, decrease pest damage and hasten crop
yield in cereals and legumes (Harris et al., 1999; Musa et al., 1999; Harris et al.,
2000; Khan et al., 2005).

Many metabolic processes are related in the early stages of germination and
those are stimulated by priming. It is well-known that seedlings from primed

seeds germinate faster, grow more rapidly and perform better in negative
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conditions (Cramer, 2002). It again stated that seed treatment advances
emergence of seedling, stand establishment, tillering, grain and straw yields, and

harvest index (Farooq et al., 2008).

Roy and Srivastava (1999) found that soaking wheat kernels in water improved
their germination rate under saline conditions. It also had pronounced effect on
field emergence its rate and early seedling growth of maize crop and it improved
the field stand and plant growth both at vegetative and maturity of maize (Nagar
et al., 1998). Hydro-priming plays an important role in the seed germination,
radical and plumule emergence in different crop species. Similar to other priming
techniques, hydro-priming generally enhance seed germination and seedling
emergence under saline and non-saline conditions and also have beneficial effect
on enzyme activity required for rapid germination. Priming with NaCl and KCI
was helpful in removing the deleterious effects of salts (Igbal et al., 2006). In
sorghum seeds soaked in CaCl, or KNOs solution increased the activity of total
amylase and proteases in germinating seeds under salt stress (Kadiri and
Hussaini, 1999). In pigeon pea seed treatment with CaCl, or KNO3 generally
exhibited improvement in proteins, free amino acid and soluble sugars during

germinating under salt stress (Jyotsna and Srivastava, 1998).

Zheng et al. (1994) reported that rice (Oryza sativa) showed earlier and uniform
emergence when seeds are osmo-primed with KCI and CaCl. and mixed salts
under flooded conditions. However, Nascimento and West (1999) reported early
germination of primed seeds but no improvement in the growth of seedlings in
case of muskmelon (Cucumis melo) seeds under laboratory conditions.
Confounding results, different research workers reported no beneficial results
from priming (Mwale et al., 2003; Giri and Schillinger, 2003).
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2.3 Effect on growth parameters
2.3.1 Shoot length (mm)

Increased shoot and root length may be due to early emergence induced by
priming treatment as compared to unprimed seeds (Stofella et al., 1992). Osmo-

priming boosted plumule dry weight was reported by Harris et al., (2004).

Kumar et al., (2017) experimented on chickpea that shoot length has recorded
high in case of osmo-primed seeds than that of unprimed seeds. Among different
osmo-priming treatments 20% PEG showed the highest shoot length followed

by 4% mannitol and control showed the lowest shoot length.

Sarvjeet et al. (2017) found that hydro priming of seeds influenced the seedling
length of chickpea and maximum seedling length 17.47 cm and 18.07 cm were

associated with 16 hours hydro priming.

It was stated by Kaur et al. (2002, 2005) that osmo and hydro priming of
chickpea seeds with mannitol and water lightened the negative effects of water
deficiency and salt stress on seedling development. The treatment of seeds with
water, 2% and 4 % mannitol improved the length and biomass of roots and shoots
of chickpea seedlings as compared to non-primed controls under salt stressed
conditions. Similarly, seed priming with P solutions significantly improved fresh
and dry weight and plant height of mungbean seedlings 21 days after sowing in
the field experiment (Shah et al., 2012).

Hydropriming and osmo-priming treatments on shoot length provide significant
variation. 20% Polyethylene glycol (PEG) for 24 hr (13.14cm) shows better
effect on rest of the treatments except at 100 ml distilled water for 12 hr (12.11
cm) and 20% Polyethylene glycol (PEG) for 12 hr (12.77 cm) on pea (Pisum
sativum) experimented by Singh et al. (2017).

A field experiment was conducted by Gupta and Singh (2012) in inceptisols to
find out the effects of seed priming on chickpea. The treatments consisted of seed
priming (seed soaking in water for 8 hr). The results revealed that the growth

parameters of chickpea were significantly affected by seed priming. Soaking
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chickpea seeds in water for about 8 hr significantly influenced plant height and

nodule dry weight in comparison to un-soaked seeds.

Shehzad et al. (2012) conducted an experiment to study the influence of priming
techniques on emergence and seedling growth of forage sorghum. Therefore, this
study was designed with different seed priming techniques, un-soaked seed
(control), Hydro-priming (soaked with distill water), Halo-priming with KNO3
and CacCl; (1% solution). Experiment was conducted in wire house under natural
climatic conditions during 2008. All the priming treatments significantly
affected the fresh weight, shoot length, number of roots, root length, vigour
index, and time to start emergence, time to 50% emergence and energy of
emergence of forage sorghum. Seed priming increase cell division and seedling
roots which cause an increase in plant height. It is concluded that seed priming
may serve as an appropriate treatment for accelerating the emergence of sorghum
genotypes studied.

Singh et al. (2014) conducted an experiment to study the effect of osmo-priming
duration on germination, emergence and early growth of cowpea in Nigeria.
Treatment consisted three osmo-priming duration (soaking in 1 % KNOs salt for
6, 8 and 10 hr) and one hydro-primed control (10 hr). The results showed that
osmo-priming with KNOgz for different durations were superior to unprimed
treatment in term of seed germination, emergence, plant height and dry matter
accumulation in cowpea. Primed seeds (both osmo-priming and hydro-priming)
increased performance of cowpea. However, osmo-priming with KNO3 salt
(soaked in 1 % KNOs salt solution and dried before sowing) for 6 hr could result

in greater seed germination and seedling height than hydro-priming.

2.3.2 Root length (mm)

Priming may hasten germination by quickening imbibition, which in turn would
simplify the emergence stage and enhancing the division of radicle cells (Kaya
et al., 2006).
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Kulkarni and Eshanna (1988) said that seed treated prior at sowing with 10 ppm
IAA increased root length, germination percentage and seedling vigour.
Kathiresan et al. (1984) also reported similar results, highest root and shoot
growth, seedling height and field emergence was attributed with CaCl, primed

seeds in sunflower.

Kumar et al. (2017) conducted an experiment on effect of osmo-priming on seed
germination behavior and vigour of chickpea (Cicer arietinum) and found that
20% PEG and 4% mannitol produce maximum (22.07 cm) root length. Smallest
root length was recorded by (15.38cm) with control. Laghari et al. (2016) also
stated that maximum mean root length cm (5.324) was recorded at Hydro-
priming period 4 hours whereas the lower (3.093) found at no priming or check

in case of mungbean.

Singh et al. (2017) reported that a significant effect of different hydropriming
and osmo-priming on root length of pea. 20% polyethylene glycol for 24 hr
(14.11 cm) priming showed better performance over untreated (11.98 cm), 3%
mannitol for 12 hr (12.37 cm), 3% mannitol for 24 hr (12.67 cm) and 5% glycerol
for 12 hr (12.99 cm) priming. Ashraf and Rauf (2001) found that GAs treatment
enhanced the vegetative growth of two wheat cultivars. It enhanced the
deposition of Na+ and ClI- in both root and shoots of wheat plant. It also caused

a significant increase in photosynthetic at the vegetative stage of the crops.

Farahbakhsh (2012) reported that the concentration of 0.25 and 0.5 mM of
salicylic acid on germination, germination rate, seed stamina index, hypocotyl
length, radical length, seedling fresh and dry weight of fennel (Foeniculum
vulgare) was more effective as compared to other levels (0 and 0.75 mM).
Therefore, seed priming with salicylic acid could be a suitable tool for improving

germination characteristics of fennel.

Sarika et al. (2013) conducted a lab experiment to study various physiological
and biochemical changes by priming in French bean at Bangalore. They reported
that chemo priming with GAs and Ethrel improved the seed quality and showed
improved seedling length, seedling dry weight which in turn improved higher
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seedling vigour index, germination speed and mean germination time.
Significant increase in initial (6.02 cm) and final (11.5 cm) root length, initial
and final shoot length, seedling vigour index and dry seedling weight with GA3
is observed in the crop.

Chitosan treatment of wheat seeds induced resistance to certain disease and
improved seed quality (Reddy et al., 1999). Seed soaked with chitosan increased
the energy of germination, germination percentage, lipase activity, and
gibberellic acid (GAs) and indole acetic acid (IAA) levels in peanut (Zhou et al.,
2002). The results showed that the chitosan priming increased the chilling
tolerance of maize seedlings demonstrated by improving germination speed and
shoot and root growth and maintaining membrane integrity and higher activities
of anti-oxidative enzymes. The 0.50% chitosan seems to be a suitable
concentration for seed priming it significantly increased seedling growth, root

dry weight and root length as compared to control.

2.3.4 Seedling dry weight (mg)

Increase of the synthesis of the hormone gibberellin, which Trigg the activity of
a-amylase and other germination specific enzymes like protease and nuclease
involved in hydrolysis and assimilation of the starch (Gholami et al., 2009)

enhance dry weight of the shoot and dry weight.

Harris et al. (2004) reported that higher plant dry weight and seed yield following
seed priming. The increase in the dry weight and grain yield of mungbean was
due to better emergence and better performance per plant (Parera and Cantliffe,
1994).

Kumar et al. (2017) experimented on chickpea and found that in case of seedling
dry weight it was higher (1.02 mg to 1.59mg) in PEG 20% seeds followed by

mannitol 4% when compared with control.

Laghari et al. (2016) found that, shoot dry weight (mg) has affected by

temperature regimes, hydro-priming periods showed highly significant where as
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their interaction was significant for shoot dry weight (mg). The maximum mean
shoots dry weight mg (54.74) was recorded at hydro-priming period 4 hours
whereas the lower shoot dry weight mg (38.56) found at no priming or check.
The maximum mean root dry weight mg (7.898) was observed at hydro-priming
period 4 hours whereas the lower root dry weight mg (5.496) found at no priming
or check.

At Varanasi, Srivastava and Bose (2012) conducted an experiment on seed
priming of rice varieties with or without nitrate salts (Mg (NO3). and KNOs).
Results showed the beneficial effect of priming treatments which was clearly
exhibited in plant height, leaf area and number of leaf and yield attribute
characteristics i.e. fertile tillers, panicle and grain quality, with nitrate treated
varieties. Seed priming treatment resulted in increased crop growth rate in treated
sets which encouraged deposition of more photo-assimilates in key plant parts,

greatly affecting the dry weight and final yield.

Singh et al. (2016) cited on different hydropriming and osmo-priming treatments
on dry weight. Polyethylene glycol (PEG) @ 20% for 24 hr (0.54) shows
significant effect on Untreated (0.40), Menitol @ 3% for 12 hr (0.44), Menitol
@ 3% for 24 hr (0.43), Glycerol @ 5% for 12 hr (0.46) and Glycerol @ 5% for
24 hr (0.48) on dry weight parameters.

Sarika et al. (2013) conducted a lab experiment to study various physiological
and biochemical changes by priming in French bean at Bangalore. They reported
that chemo priming with GAs and Ethrel improved the seed quality and showed
improved seedling length, seedling dry weight which in turn improved higher
seedling vigour index, germination speed and mean germination time.
Significant increase in initial (6.02 cm) and final (11.5 cm) root length, initial
and final shoot length, seedling vigour index and dry seedling weight with GA3

is observed in the crop.
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2.3.4 Vigour index

During priming, the embryo expands and compresses the endosperm (Liptay and
Zariffa, 1993). The compression force of the embryo and hydrolytic activities on
the endosperm cell walls may deform the tissues that have lost their flexibility
upon dehydration (Lin et al., 1993), producing free space and facilitating root

protrusion after renydration and enhance vigour of seed.

The probable reason for the highest vigour index might be due to photosynthetic
capacity treated with bio fertilizers increases due to increased supply of nutrition
(Farnia and Shafie, 2015).

Priming improved seedling vigour experimented by Safiatou (2012). Seedling
vigour increased by using seed priming methods in sorghum and Bambara
groundnut. Also, highest seedling vigour was achieved by osmo-priming

(Mannitol priming) in Bambara groundnut and by hydro-priming in sorghum.

The adverse effects of Reactive Oxygen Species (ROS) lessened and improve
the antioxidant enzymes activity through seed priming (Del Ryo et al., 2002). It
might be meaningfully enhanced the germination rate and vigor of the mungbean
seedlings (Umair et al., 2010).

Primed seeds ensured rapid growth, early flowering and high yield (Farooq et
al., 2008). This practice used for betterment of germination speed, germination
vigour, seedling establishment and yield (Talebian et al., 2008; Bodsworth and
Bewley, 1981). Harris et al. (1999) confirmed that on-farm seeds soaking
overnight in water noticeably improved establishment and early vigor of upland
rice, maize and chickpea, resulting in faster development, earlier flowering and
maturity and higher yields. Also, vigorous growth is often connected with higher
yields (Okonwo and Vanderlip, 1985; Austin, 1989; Carter et al., 1992). Seed-
treating technology has twofold benefits: greater, speedy and even 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).
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2.4 Relative water content (%), water saturation deficit (%) and water
retention capacity

Relative water content is influenced by seed quality and seed priming technique.
Significantly higher relative water content was recorded in leaves obtained from
plots sown with higher quality seeds as compared to those obtained from plots
sown with lower quality seeds. The leaves obtained from plots having seed
primed with CaCl2.2H.O (0.5%) showed significantly highest relative water
content which was on par with the leaves from plots having seed primed with
KH2PO4 (50 ppm) followed by leaves obtained from plots having seed primed
with GAs (20ppm) (84.57%) while the lowest relative water content (79.02 %)
was recorded in leaves obtained from plots having seed primed with KCI
(100ppm). The interaction effect had also a significant effect with the highest
relative water content recorded in leaves obtained from plots sown with the
higher quality seeds treated by CaCl..2H20 (0.5) (Assefa, 2008).

Baque et al. (2002) observed that higher doses of potassium in drought affected
wheat generally showed the maximum relative water content, higher water
retention capacity and exudation rate. Higher levels of K significantly reduced
the water saturation deficit. Fertilizer potassium however, made leaf water
potential more negative. The beneficial effect of fertilizer potassium on water
stress tolerance in wheat plants were more pronounced under water stressed

conditions than under control conditions.

Sangakkara et al. (1996) observed that when Phasiolous vulgaris L. plants were
subjected to moisture stress, the WRC increase with the increasing potassium

concentrations.
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CHAPTER I
MATERIALS AND METHODS

A series of experiment were carried out to observe the effect of mannitol induced
seed priming for enhancing drought tolerance capability in mungbean (Vigna
radiata) under drought stress from 22 April to 15 June, 2018. A short illustration
of the experimental site, temperature and humidity of the laboratory room,
experimental materials, treatments and design, methods of the study, data
calculation procedure and data analysis are discussed at this section. The

materials and methods used to carry the study are discussed below.

3.1 Description of the experimental site
3.1.1 Location

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

3.1.2 Laboratory room Conditions

Laboratory room temperature and relative humidity were recorded daily basis
during the study period with a digital thermo hygrometer (TERMO, TFA,
Germany). The average minimum and maximum temperature were 24.4° C to
35.2° C, respectively and average minimum and maximum relative humidity

were 56% and 89%, respectively.

3.2 Test crops

BARI Mung 6 and Binamoog 5 were used for this experiment. Seeds of BARI
Mung 6 was collected from Bangladesh Agricultural Research Institute (BARI)
and Binamoog 5 was collected from Bangladesh Institute of Nuclear Agriculture
(BINA). The collected seeds were free from any visible defects, disease

symptoms and insect infestations.
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3.3 Experimental materials

Various equipment’s such as electric balance, magnetic stirrer, Petri dish, micro
pipette, wash bottle, beaker, forceps, filter paper, oven etc. were used for this
study.

3.4 Chemicals for seed priming

Mannitol (CeH1406) and distilled water were used as priming agents.
Polyethylene Glycol (PEG) 6000 was used for inducing drought stress. 75%
alcohol was used for seed treating.

3.5 Experimental design and layout

The study was carried out in a Completely Randomized Design (CRD) with 5
replications.

3.6 Experimental details

The whole study was segmented into three different experiments.

3.6.1 First Experiment

Study on the germination behavior of mungbean at different concentrations
of priming agents

3.6.1.1 Weight of seeds

200 g seeds were balanced from the total seed from each of two mungbean
variety BARI Mung 6 and Binamoog 5 to avoid the unnecessary loss of seeds.

Rest of seeds were kept in refrigerator at airtight condition.

3.6.1.2 Surface treatment

Initially seeds were sterilized with 75% alcohol for 5 minutes then sterilized
seeds were rinsed 2 minutes with distilled water for 3 times to reduce the effect
alcohol from the seed surface. Finally, seeds were dried in room temperature to

regain the normal condition.
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3.6.1.3 Treatments

Following six treatments were applied separately for BARI Mung 6 and

Binamoog 5:

TO = Seeds without priming (control)

T1 = Seeds primed with distilled water for 9 hours
T2 = Seeds primed with 2% mannitol for 9 hours
T3 = Seeds primed with 4% mannitol for 9 hours
T4 = Seeds primed with 6% mannitol for 9 hours

T5 = Seeds primed with 8% mannitol for 9 hours

3.6.1.4 Priming solutions

Distilled water, 2%, 4%, 6%, and 8% of mannitol solution were utilized as

priming solutions.

3.6.1.5 Preparation of priming solutions

a) Mannitol solutions (2%, 4%, 6%, 8%)
2% mannitol solution was prepared by mixing 5g of mannitol at 250 mL
distilled water. Similarly, 10g, 15g, 20g mannitol was mixed with 250 mL
of distilled water to prepare 4%, 6% and 8% solution of mannitol

respectively.

b) Distilled water

Distilled water was collected from the soil laboratory of Sher-e-Bangla

Agricultural University (SAU).
3.6.1.6 Priming technique

Mannitol priming and hydro priming was applied on both the mungbean
varieties. Surface sterilized seeds were sub-divided into three parts. One for
control (unprimed), one for hydro priming and another for mannitol priming. For
hydro priming seeds were immersed in distilled water and mannitol priming
seeds were divided into another four sub-group and treated with 2%, 4%, 6%,

and 8% mannitol respectively for 9 hours. Different plastic pots were used with
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lids for avoiding evaporation loss. All seeds were taken off form the priming
agents at same time after 9 hours. The primed seeds were rinsed with distilled
water three times genteelly and removed excess moisture by using tissue paper
and finally air dried (Umair et al., 2011) in room temperature for 24 hours to

back the original moisture level.

3.6.1.7 Germination of seeds

Thirty seeds were selected randomly from each treatment of both verity and
placed on 120 mm diameter Petri dishes. Where saturated (8 mL distillated
water) whatman no.1 filter paper was used as growth media. During the test Petri
dishes were kept saturated and placed at room temperature 25°C under normal
light to facilitate germination for 8 days. Emergence of 2 mm radical considered
for germination occurred (Akbari et al., 2007). Every 24 hours interval
germination progress was observed and data recorded up to continued 8 days.
Shorter, thicker and spiral formed hypocotyls and stunted primary rooted
seedlings were considered as abnormal seedlings (ISTA, 2003). Abnormal
seedlings and dead seeds were taken off from the Petri dishes when data
recorded. At 8" day of germination test, five seedlings were selected randomly
from each treatment then root and shoot were separated and packed in brown
paper for oven dry. Then seedlings were dried in an oven at 75°C for 72 hours.

3.6.1.8 Relative water content (%), water saturation deficit (%) and water
retention capacity of shoot

At 8™ day of germination test, five seedlings were selected randomly from each
treatment and fresh weight was measured immediate after removing roots.
Thereafter, the shoots were submerged at distilled water at room temperature in
the dark for 24 hr. Shoots turgid weight was measured after removing the excess
water by gently wiping with tissue paper. Then shoots were packed in brown
paper and oven dried at 75°C for 72 hours for measuring dry weight. The fresh,
turgid and dry weights of shoots were utilized to calculate relative water content
(%), water saturation deficit (%) and water retention capacity (Baque et al.,
2002).
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3.6.2 Second Experiment

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

mungbean

3.6.2.1 Weight of seeds

200 g seeds were balanced from the total seed from each of two mungbean
variety BARI Mung 6 and Binamoog 5 to avoid the unnecessary loss of seeds.

Rest of seeds were kept in refrigerator at air airtight condition.

3.6.2.2 Surface treatment

Initially seeds were sterilized with 75% alcohol for 5 minutes then sterilized
seeds were rinsed 2 minutes with distilled water for 3 times to reduce the effect
alcohol from the seed surface. Finally, seeds were dried in room temperature to

regain the normal condition.

3.6.2.3 Treatments

Following eleven types of priming times were used as treatment separately for
BARI Mung 6 (Primed with water and 6% mannitol) and Binamoog 5 (Primed

with water and 4% mannitol):

TO = Seeds without priming (control)

T1= Seeds primed with distilled water for 3 hours

T2 = Seeds primed with distilled water for 6 hours

T3 = Seeds primed with distilled water for 9 hours

T4 = Seeds primed with distilled water for 12 hours
T5 = Seeds primed with distilled water for 15 hours
T6 = Seeds primed with mannitol solution for 3 hours
T7= Seeds primed with mannitol solution for 6 hours
T8 = Seeds primed with mannitol solution for 9 hours
T9 = Seeds primed with mannitol solution for 12 hours

T10 = Seeds primed with mannitol solution for 15 hours
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3.6.2.4 Priming solutions

Distilled water, 4% and 6% of mannitol solution were utilized as priming

solutions.

3.6.2.5 Preparation of priming solutions
a) Mannitol solutions (4% and 6%0)

4% and 6% mannitol were prepared by mixing 10g and 15g of mannitol

at 250 mL distilled water respectively.

b) Distilled water

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

3.6.2.6 Priming technique

Surface sterilized seeds were sub-divided into three parts. One for control
(unprimed), one for hydro priming and another for mannitol priming. Second
parts of seeds were sub-divided into another 5 parts for five different priming
times such as 3, 6, 9, 12 and 15 hours hydro priming and third parts seeds also
were divided into another five parts for five different priming times such as 3, 6,
9, 12 and 15 hours mannitol priming. Different plastic pots were used with lids
for avoiding evaporation loss. Seeds were taken off from the priming solution at
the required time. The primed seeds were rinsed with distilled water three times
gently and removed excess moisture by using tissue paper and finally air dried
(Umair et al., 2011) in room temperature for 24 hours to back the original

moisture level.

3.6.2.7 Germination of seeds

Thirty seeds were selected randomly from each treatment of both verity and
placed on 120 mm diameter Petri dishes. Where saturated (8 mL distillated
water) whatman no.1 filter paper was used as growth media. During the test Petri
dishes were kept saturated and placed at room temperature 25°C under normal

light to facilitate germination for 8 days. Emergence of 2 mm radical considered
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for germination occurred (Akbari et al., 2007). Every 24 hours interval
germination progress was observed and data recorded up to continued 8 days.
Shorter, thicker and spiral formed hypocotyls and stunted primary rooted
seedlings were considered as abnormal seedlings (ISTA, 2003). Abnormal
seedlings and dead seeds were taken off from the Petri dishes when data
recorded. At 8" day of germination test, five seedlings were selected randomly
from each treatment then root and shoot were separated and packed in brown
paper for oven dry. Then seedlings were dried in an oven at 75°C for 72 hours.

3.6.2.8 Relative water content (%), water saturation deficit (%) and water
retention capacity of shoot

At 8™ day of germination test, five seedlings were selected randomly from each
treatment and fresh weight was measured immediate after removing roots.
Thereafter, the shoots were submerged at distilled water at room temperature in
the dark for 24 hr. Shoots turgid weight was measured after removing the excess
water by gently wiping with tissue paper. Then shoots were packed in brown
paper and oven dried at 75°C for 72 hours for measuring dry weight. The fresh,
turgid and dry weights of shoots were utilized to calculate relative water content
(%), water saturation deficit (%) and water retention capacity (Baque et al.,
2002).

3.6.3 Third Experiment

Study on the germination behavior of primed seed (mungbean) under

drought (Polyethylene Glycol) stress condition

3.6.3.1 Weight of seeds

200 g seeds were balanced from the total seed from each of two mungbean
variety BARI Mung 6 and Binamoog 5 to avoid the unnecessary loss of seeds.

Rest of seeds were kept in refrigerator at air airtight condition.

3.6.3.2 Surface treatment

Initially seeds were sterilized with 75% alcohol for 5 minutes then sterilized

seeds were rinsed 2 minutes with distilled water for 3 times to reduce the effect
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alcohol from the seed surface. Finally, seeds were dried in room temperature to

regain the normal condition.

3.6.3.3 Treatments

Following five treatments were applied separately for BARI Mung 6 and

Binamoog 5:

TO = Non-primed (control) and primed (mannitol and water) seeds
placed without PEG (control)

T1 = Non-primed (control) and primed (mannitol and water) seeds
placed with 5% PEG concentration

T2 = Non-primed (control) and primed (mannitol and water) seeds
placed with 10% PEG concentration

T3 = Non-primed (control) and primed (mannitol and water) seeds
placed with 15% PEG concentration

T4 = Non-primed (control) and primed (mannitol and water) seeds
placed with 20% PEG concentration

3.6.3.4 Priming solutions and time
6% of mannitol solution and distilled water were used for BARI Mung 6 for 9
hours priming and 4% of mannitol solution and distilled water were used for
Binamoog 5 for 6 hours priming.
3.6.3.5 Preparation of priming solutions

a) Mannitol solutions (4% and 6%)

4% and 6% mannitol were prepared by mixing 10g and 15g of mannitol

at 250 mL distilled water respectively.

b) Distilled water

Distilled water was collected from the soil laboratory of Sher-e-Bangla
Agricultural University (SAU).
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3.6.3.6 Preparation of drought stress solutions

a) Polyethylene Glycol (PEG) solutions (5%, 10%, 15% and 20%b)

5% PEG solution was prepared by mixing 12.5g of PEG at 250 mL
distilled water. Similarly, 25g, 37.5g, 50g PEG was mixed with 250 mL
of distilled water to prepare 10%, 15% and 20% solution of PEG (6000)

respectively.
3.6.3.7 Priming technique

Mannitol priming and hydro priming was applied on both the mungbean
varieties. Surface sterilized seeds were sub-divided into three parts. One for
control (unprimed), one for hydro priming and another for mannitol priming. For
hydro priming BARI Mung 6 and Binamoog 5 were immersed in distilled water
for 9 and 6 hours respectively. For mannitol priming BARI Mung 6 and
Binamoog 5 were emerged at 6% and 4% mannitol solution for 9 and 6 hours
respectively. Different plastic pots were used with lids for avoiding evaporation
loss. Seeds were taken off from the priming solution at the required time. The
primed seeds were rinsed with distilled water three times genteelly and removed
excess moisture by using tissue paper and finally air dried (Umair et al., 2011)

in room temperature for 24 hours to back the original moisture level.

3.6.3.8 Germination of seeds

Thirty seeds were selected randomly from each treatment of both verity and
placed on 120 mm diameter Petri dishes. Where saturated (8 mL distillated
water) whatman no.1 filter paper was used as growth media. During the test Petri
dishes were kept saturated and placed at room temperature 25°C under normal
light to facilitate germination for 8 days. Emergence of 2 mm radical considered
for germination occurred (Akbari et al., 2007). Every 24 hours interval
germination progress was observed and data recorded up to continued 8 days.
Shorter, thicker and spiral formed hypocotyls and stunted primary rooted
seedlings were considered as abnormal seedlings (ISTA, 2003). Abnormal

seedlings and dead seeds were taken off from the Petri dishes when data
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recorded. At 8" day of germination test, five seedlings were selected randomly
from each treatment then root and shoot were separated and packed in brown
paper for oven dry. Then seedlings were dried in an oven at 75°C for 72 hours.

3.6.3.9 Relative water content (%), water saturation deficit (%) and water
retention capacity of shoot

At 8™ day of germination test, five seedlings were selected randomly from each
treatment and fresh weight was measured immediate after removing roots.
Thereafter, the shoots were submerged at distilled water at room temperature in
the dark for 24 hr. Shoots turgid weight was measured after removing the excess
water by gently wiping with tissue paper. Then shoots were packed in brown
paper and oven dried at 75°C for 72 hours for measuring dry weight. The fresh,
turgid and dry weights of shoots were utilized to calculate relative water content
(%), water saturation deficit (%) and water retention capacity (Baque et al.,
2002).

3.7 Data recording

Parameters that’s were measured as follows

3.7.1 Germination percentage (GP)

Germination percentage was estimated as the number of seeds which was
germinated within total days as a proportion of number of seeds shown (Othman

et al., 2006). GP expressed as percentage (%).

Number of germinated seeds
P= x 100

~ Total number of seeds placed on Petri dish
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3.7.2 Mean germination time (MGT)

Mean germination time (MGT) was calculated according to the following
equation (Ellis and Roberts, 1981):

> Dn
> n

MGT =

Where n was the number of seeds, which were germinated on day D, and D was

number of days counted from the beginning of germination.

3.7.3 Germination index (GI)

The germination index (GI) was calculated as described in the Association of
Official Seed Analysts (AOSA, 1983) by following formula:

Gl = No. of germinated seed + No. of germinated seed

Days of first count Days of final count

3.7.4 Coefficient of velocity (CV)

Coefficient of velocity (CV) was estimated according to the method described
by Kader (2005).

(N1 +N2+---+NxX 100

CVG =
TiN1 + T2N2 + --- + TxNx

Where N was number of seeds germinated each day and T was number of days

after sowing corresponding to N.

3.7.5 Energy of emergence (EG %)

Energy of emergence (EG) was estimated on the 4th day after placing seeds on
Petri dish. It is the percentage of germinating seeds 4 days after sowing relative
to the total number of seeds tested (Ruan et al., 2002a). Energy of emergence

expressed as percentage.
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3.7.6 Shoot length (mm) and root length (mm)

Five seedlings were selected randomly from each treatment and cotyledons were
removed from them. Length of shoot and root was measured with ruler at
millimeter (mm) scale.

3.7.7 Seedling dry weight(mg)

The mean seedling dry weight were measured with an electric balance at nearest
gram (g) and converted to milligram (mg).

3.7.8 Vigour index (V1)

Vigour index in each treatment was estimated from germination percentage and

seedlings length according to Abdul- Baki and Anderson (1970).

_ Germination percentage (GP %) X Seedling Length
- 100

VI

3.7.9 Relative water content (RWC %)

Relative water content was estimated according to the formula of Baque et al.

(2002). Relative water content expressed as percentage.

i Fresh Weight - Dry Weight
Relative water content (RWC) = ; : — X 100
Turgid weight - Dry Weight

3.7.10 Water saturation deficit (WSD%)

Water saturation deficit was estimated from RWC according to the formula of
Baque et al. (2002).

Water saturation deficit (WSD) = 100- Relative water content (RWC)
3.7.11 Water retention capacity (WRC)

Water retention capacity was estimated from turgid weight and dry weight
according to the formula of Baque et al., (2002). Relative water content
expressed as percentage.

Turgid Weight
Dry Weight

Water retention capacity (WRC) =
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3.8 Statistical analysis

Collected data from different treatments were statistically analyzed to notice the
significant difference among the treatments. Data compilation and arrangement
were done at excel. The mean value of parameters and analysis of variance were
calculated by using a computer software MSTAT-C. The significance of
difference among the treatment means was observed by the least significant

difference (LSD) test at 5% level of significance.
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CHAPTER IV
RESULTS AND DISCUSSION

The results are demonstrated and discussed in this chapter which was obtained
from the different experiment to induce drought tolerance capacity of mungbean
(Vigna radiata L.) through mannitol and hydro priming. Germination and growth
parameters of mungbean greatly influenced by different concentrations of

mannitol and priming time in drought stress condition.

4.1 First experiment

Study on the germination behavior of mungbean at different concentrations
of priming agents

Results obtained from the present study regarding the germination behavior of
mungbean at different concentrations of priming agents have been demonstrated,
discussed and compared in this section. The analytical results have been

displayed in Figures 1 to 8 and Tables 1 to 4.

4.1.1 Effect on germination percentage

Osmo-priming technique refers to soaking of seeds for a certain period in
solution of sugar, mannitol, PEG etc. followed by air drying before sowing.
Osmo-priming not only improves seed germination but also enhance crop
performance. In BARI mungben-6, no significant difference was found on total
germination percentage at T1, T1, T3 and T5 treatments but T1 and T4
treatments showed significant difference (Figure 1) in priming with different
concentrations of mannitol, water and control. In Bainamoog-5, significant
difference was found among the treatments. The highest germination percentage
(96.66%) of Binamoog 5 was observed in T3 treatment compared to germination
percentage (95.33%) of BARI Mung 6 was observed in T4 treatment. The lowest
germination percentage (82.00%) and (83.33%) for BARI Mung 6 and
Binamoog 5, respectively was found in TO treatment. This study was in
agreement with the findings of Faijunnahar et al. (2017); Ahammad et al. (2014)
and Abnavi and Ghobadi (2012). Kumar et al. (2017) found that 4% mannitol
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expressed highest germination percentage followed by PEG at 20% in case of
chickpea. Kaur et al. (2002) also found that priming of pea by water and mannitol
(4%) for 12 hours in 25°C can increase the number and biomass of plants knots.
Hydro-priming improves the power of germination in plants of sesame species
and speeds the germination and solid weight of the plant in lab conditions
(Eskandari, 2011). Hydro-priming of bean seeds in water for 7-14 hours can
improve the plant performance (Ghassemi-Golezani et al., 2010c). Kaur et al.
(2003) conducted study to determine the effect of seed priming with mannitol
(4%), water and potassium nitrate on chickpea. In general priming with water
and mannitol resulted in early germination under salt stress. Priming with 4%
mannitol was also as effective as mannitol and water in the enhancement of root
and shoot growth.

EBARI Mung 6 = Binamoog 5
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Figure 1. Effect of different concentrations of mannitol and water on
germination percentage (LSD (o.05) = 4.424 and 4.897 for BARI
Mung 6 and Binamoog 5 respectively).

To = Seeds without priming (control); T1 = Seeds primed with distilled water for 9 hours; T, = Seeds
primed with 2% mannitol for 9 hours, T3 = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts= Seeds primed with 8% mannitol for 9 hours.
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4.1.2 Effect on mean germination time (days)

Mean germination time was significantly affected by different concentration of
mannitol and water priming (Table 1). Mean germination time was gradually
decreased with increasing mannitol concentration up to T4 and T3 for BARI
Mung 6 and Binamoog 5 respectively and then increased with increasing
mannitol concentration. The maximum mean germination time (4.594 days) was
found for BARI Mung 6 compared to mean germination time (4.568 days) was
found for Binamoog 5 was found at TO treatment. The minimum mean
germination time (4.454 days) and (4.466 days) for BARI Mung 6 and Binamoog

5 was found at T4 and T3 treatment respectively.

This result was supported by previous findings of Rahman (2014), and
Asaduzzaman (2014). Kumar et al. (2017) found that 4% mannitol showed
maximum speed of germination (71.50) in chickpea. Priming with 2 and 4%
mannitol for 24 hr maximally increased final germination percentage,
germination capacity, germination index, shoot and root lengths and decreased
mean germination time of marigold species as compared to all pre-sowing seed
treatments including control. This could be attributed to the effect of mannitol in
increasing reducing sugar and total sugars as well as a-amylase activity in primed
seeds (Afzal et al., 2011b).

Giri and Schillinger (2003) concluded that soaking of wheat seeds in water for
12 hours causes improvements in the germination process. In another study
conducted by Kaya et al. (2006) considering hydro-priming effects on sunflower
seeds, the results indicated that it accelerates the germination process in dry
conditions and shortens the germination period. Tajbakhsh et al. (2004)
investigated different treating methods on onion and the obtained results
indicated that hydro-priming in high humidity leads to shortening the average

germination time.
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Table 1. Effect of different concentrations of mannitol and water on mean
germination time

Treatments Mean germination time (days)
BARI Mung 6 Binamoog 5
T0 4594 a 4568 a
T1 4.542 ab 4.534 ab
T2 4.484 bc 4.500 ab
T3 4.476 bc 4.466 b
T4 4454 ¢ 4,516 ab
T5 4.496 bc 4.526 ab
LSD (0.05) 0.0715 0.0714
CV (%) 1.27% 1.18%

To = Seeds without priming (control); T1 = Seeds primed with distilled water for 9 hours; T, = Seeds
primed with 2% mannitol for 9 hours, T3 = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts = Seeds primed with 8% mannitol for 9 hours.

4.2.3 Effect on germination index

Germination index was gradually increased with increasing mannitol
concentration up to 6% and 4% for BARI Mung 6 and Binamoog 5 respectively
and then decreased with increasing mannitol concentration (Figure 2). Highest
germination index (80.70) was observed in T3 treatment for Binamoog 5
compare to germination index (80.40) was observed from T4 treatment for BARI
Mung 6. The lowest germination index (61.95) and (63.76) was recorded in TO
treatment for BARI Mung 6 and Binamoog 5 respectively. Germination index of
Binamoog 5 was slightly higher than BARI Mung 6. Asaduzzaman, (2014) found
significant difference in germination index for control and different priming
treatments in BARI Mung 6 and BU-4. 2% and 6% mannitol exposed better
result in germination index for BARI mung-3 and BARI Mung 6 respectively
(Rahman, 2014). Hosseein et al. (2011) reported that seed priming resulted in
anti-oxidant increment as glutathione and ascorbate in seed. These enzymes led

to higher germination index via reduction of lipid peroxidation activity.
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Figure 2. Effect of different concentrations of mannitol and water on
germination index (LSD (.05 = 2.676 and 3.372 for BARI Mung 6
and Binamoog 5 respectively).

To = Seeds without priming (control); T1 = Seeds primed with distilled water for 9 hours; T, = Seeds

primed with 2% mannitol for 9 hours, T3 = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts= Seeds primed with 8% mannitol for 9 hours.

4.1.4 Effect on coefficient of velocity

In both varieties, analysis of variance showed significant difference for
coefficient of wvelocity among the treatments priming with different
concentrations of mannitol, water and control (Table 2). Coefficient of velocity
increased gradually up to 6% and 4% of mannitol concentration for variety BARI
Mung 6 and Binamoog 5 respectively then decreased gradually. The maximum
coefficient of velocity (22.46) was founded at T4 (statistically similar with T2,
T3 and T4 treatment) treatment for BARI Mung 6 compared to coefficient of
velocity (22.15) was founded at T3 (statistically similar with T1, T2, T4 and T5
treatment) treatment for Binamoog 5. The minimum coefficient of velocity
(21.77) and (21.90) was found in TO for BARI Mung 6 and Binamoog 5,
respectively. Nyarko et al. (2006), reported that cabbage seeds primed and
expose to vernalization temperature (0°- 5° C) for 8 weeks had a higher CV than
non-primed seeds. In primed leek seeds, the significant benefit in germination

performance was accompanied by marked increases in protein, DNA and
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nucleotide biosynthesis. Germination and coefficient of velocity was improved
in treated fenugreek seeds may be resulted by increase of cell division in the
seeds (Gallais et al., 2000).

Table 2. Effect of different concentrations of mannitol and water on
coefficient of velocity

Coefficient of velocity
Treatments -
BARI Mung 6 Binamoog 5
TO 21.77 ¢ 2190 b
T1 22.03 bc 22.05 ab
T2 22.30 ab 22.24 ab
T3 22.35 ab 2239 a
T4 22.46 a 22.15 ab
T5 22.24 ab 22.10 ab
LSD (0.05) 0.3551 0.3429
CV (%) 1.22% 1.18%

To = Seeds without priming (control); T1 = Seeds primed with distilled water for 9 hours; T, = Seeds
primed with 2% mannitol for 9 hours, T3 = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts = Seeds primed with 8% mannitol for 9 hours.

4.1.5 Effect on energy of emergence (%)

Energy of emergence was significantly affected by different concentration of
mannitol, water and control priming (Figure 3). Energy of emergence was
increased with increasing mannitol concentration up to T4 and T3 for BARI
Mung 6 and Binamoog 5 respectively and then decreased with increasing
mannitol concentration. The highest energy of emergence (98.00%) was
recorded in T3 (statistically similar with T3 treatment) treatment of Binamoog 5
compare to energy of emergence (96.66 %) was recorded in T4 (statistically
similar with T5 treatment) treatment of BARI Mung 6. The lowest energy of
emergence (84.00%) and (84.66%) was recorded in TO treatment for BARI
Mung 6 and Binamoog 5 respectively.

Faster emergence and reduced germination on imbibition periods improved

phenology in mungbean due to primed seed (Harris et al., 1999). It has been
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experimented that priming resulted in more germination speed especially in
drought stress, saline stress and low temperatures in sorghum, sunflower and
melon (Sivritepe et al., 2003; Kaya et al., 2006; Foti et al., 2002). Soybean seed
are made better seedling emergence and yield improvement (Arif et al., 2008)

through seed priming.
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Figure 3. Effect of different concentrations of mannitol and water on energy
of emergence (LSD (.05) = 4.733 and 5.024 for BARI Mung 6 and
Binamoog 5 respectively).

To = Seeds without priming (control); T1 = Seeds primed with distilled water for 9 hours; T, = Seeds
primed with 2% mannitol for 9 hours, T3 = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts= Seeds primed with 8% mannitol for 9 hours.

4.1.6 Effect on shoot length (mm)

Significant difference was recorded on shoot length among the treatments
priming with different concentrations of mannitol and water (Figure 4). Shoot
length was increased up to T4 and T3 treatments for BARI Mung 6 and
Binamoog 5, respectively and therefore decreased gradually. The maximum
shoot length (153.8 mm) was noticed at T4 treatment for BARI Mung 6 compare
to shoot length of Binamoog 5 (148.9 mm) was noticed at T3 treatment. Shoot
of BARI Mung 6 was larger than Binamoog 5. The minimum shoot length (113.3
mm) and (110.9 mm) was observed in TO treatment for BARI Mung 6 and
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Binamoog 5, respectively. Kaur et al. (2002) conducted study to determine the
effect of seed priming on the growth and yield of chickpea. They reported that
shoot length and shoot biomass of water and mannitol primed plants were greater
compared to these from non-primed plants. Kaur et al. (2003) also reported that
priming of chickpea seed with 4% mannitol was effective in the enhancement of
shoot growth. Kumar et al. (2017) experimented on chickpea that shoot length
has recorded high in case of osmo-primed seeds than that of unprimed seeds.
Among different osmo-priming with PEG 20% found to be highest followed by

mannitol 4% and control found to be lowest among the treatments.
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Figure 4. Effect of different concentrations of mannitol and water on shoot
length (LSD (o0s5) = 7.492 and for 6.363 BARI Mung 6 and
Binamoog 5 respectively).

To = Seeds without priming (control); T, = Seeds primed with distilled water for 9 hours; T, = Seeds
primed with 2% mannitol for 9 hours, T3 = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts= Seeds primed with 8% mannitol for 9 hours.
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4.1.7 Effect on root length (mm)

Highly significant variation was noticed on root length (Figure 5). Root length
was improved up to 6% and 4% of mannitol concentration for BARI Mung 6 and
Binamoog 5, respectively and therefore decreased gradually with increasing
mannitol concentration. The maximum root length (92.98 mm) was noticed at
T4 treatment for BARI Mung 6 compare to root length (75.45 mm) was noticed
at T3 treatment for Binamoog 5. Root length of BARI Mung 6 was larger than
Binamoog 5. The minimum root length (62.64 mm) for BARI Mung 6 and (47.63

mm) for Binamoog 5 was recorded in TO treatment.
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Figure 5. Effect of different concentrations of mannitol and water on root
length (LSD (0s5) = 5.305 and 4.102 for BARI Mung 6 and
Binamoog 5 respectively).

To = Seeds without priming (control); T1 = Seeds primed with distilled water for 9 hours; T, = Seeds

primed with 2% mannitol for 9 hours, Tz = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts= Seeds primed with 8% mannitol for 9 hours.

Kaur et al. (2003) conducted study to determine the effect of seed priming with
mannitol (4%), water and potassium nitrate on chickpea. In general priming with
water and mannitol resulted in early germination under salt stress. Priming with

4% mannitol was also as effective as mannitol and water in the enhancement of
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root and shoot growth. Singh et al. (2017) reported that a significant effect of
different hydropriming and osmo-priming on root length of pea. A 20%
polyethylene glycol for 24 hr (14.11 cm) priming showed better performance
over untreated (11.98 cm), 3% mannitol for 12 hr (12.37 cm), 3% mannitol for
24 hr (12.67 cm) and 5% glycerol for 12 hr (12.99 cm) priming.

4.1.8 Effect on seedling dry weight (mg)

Seedling dry weight was significantly influenced by different mannitol
concentration, water and control priming (Figure 6). Seedling dry weight was
increased up to T4 and T3 treatment for BARI Mung 6 and Binamoog 5,
respectively and then decreased gradually. Results showed that the highest
seedling dry weight (90.49 mg) was noticed in T4 treatment for BARI Mung 6
compare to seedling dry weight (82.94 mg) was noticed in T3 treatment for
Binamoog 5. Seedling dry weight of BARI Mung 6 was higher than Binamoog
5. The lowest seedling dry weight (70.69 mg) and (65.91 mg) were recorded in
TO treatment for BARI Mung 6 and Binamoog 5, respectively. This result was
supported by the findings of previous many scientists practiced in different crops
on mannitol priming (Nighat et al., 2006; Nishimura et al., 2011; Hoekstra et al.,
2001). Pill and Necker (2001) also suggested that primed seeds compared to non-
primed seeds showed higher seedling dry weights. Kumar et al. (2017)
experimented on chickpea and found that in case of seedling dry weight it was
higher (1.02 gm to 1.59mg) in PEG 20% seeds followed by Mannitol 4% when
compared with control. Singh et al. (2017) also reported that 20% polyethylene
glycol for 24 hr (0.54 g) priming showed significant effect over untreated (0.40
g), 3% mannitol for 12 hr (0.44 g), 3% mannitol for 24 hr (0.43 g) and 5%
glycerol for 12 hr (0.48 g) priming on seedling dry weight.
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Figure 6. Effect of different concentrations of mannitol and water on
seedling dry weight (LSD (o.05) = 1.546 and 2.032 for BARI Mung
6 and Binamoog 5 respectively).

To = Seeds without priming (control); T1 = Seeds primed with distilled water for 9 hours; T, = Seeds

primed with 2% mannitol for 9 hours, T3 = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts= Seeds primed with 8% mannitol for 9 hours.

4.1.9 Effect on vigour index

Vigour index of BARI Mung 6 and Binamoog 5 was significantly varied by
different mannitol concentration, water and control priming (Figure 7). An
increasing tendency of vigour index was observed up to 6% and 4% of mannitol
concentration for BARI Mung 6 and Binamoog 5, respectively and thereafter
decreased gradually with the increasing mannitol concentration. The highest
vigour index (235.3) was achieved from T4 treatment for BARI Mung 6 compare
to vigour index (216.8) was achieved from T3 treatment for Binamoog 5. Vigour
index of BARI Mung 6 was higher than Binamoog 5. The lowest vigour index
(144.1) and (132.2) was achieved from BARI Mung 6 and Binamoog 5,
respectively in TO treatment. This result was supported by previous findings of
Baque et al. (2016) and Maiti et al. (2013). Maiti et al. (2013) also acknowledged
that osmo-priming increased seedling vigor of several vegetable crops and

concerning sponge gourd. According to Safiatou (2012) seedling vigour
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increased by using seed priming methods in sorghum and Bambara groundnut.
Also, highest seedling vigour was achieved by osmo-priming (mannitol priming)
in Bambara groundnut and by hydro-priming in sorghum. Priming improved
seedling vigour. Nascimento and West (1998) reported that, priming enhances
the minimization of seed coat adherence during the emergence of muskmelon
seeds. During osmotic priming, the reserve mobilization of food material,
activation and re-synthesis of some necessary enzymes, DNA and RNA
synthesis started and those might be improved of germination and vigor of
soybean (Sadeghi et al., 2011).
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Figure 7. Effect of different concentrations of mannitol and water on vigour
index (LSD (o5 = 10.80 and 11.45 for BARI Mung 6 and
Binamoog 5 respectively).

To = Seeds without priming (control); T, = Seeds primed with distilled water for 9 hours; T, = Seeds
primed with 2% mannitol for 9 hours, T3z = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts= Seeds primed with 8% mannitol for 9 hours.
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4.1.10 Effect on relative water content (%0)

Relative water content was exposed significant variation by priming with
different concentrations of mannitol, water and control treatments in BARI
Mung 6 & Binamoog 5 (Table 3). Relative water content was increased up to 6%
and 4% of mannitol concentration for BARI Mung 6 and Binamoog 5,
respectively and therefore decreased gradually with increasing mannitol
concentration. The maximum relative water content (90.47%) was found at T4
treatment for BARI Mung 6 compared to relative water content (88.56%) was
found at T3 treatment for Binamoog 5. Relative water content of BARI Mung 6
was higher than Binamoog 5. The minimum relative water content (75.74%) and
(74.57%) was recorded in TO treatment for BARI Mung 6 and Binamoog 5,
respectively. This result was supported by previous findings of Rahman (2014).
He noticed significant difference on relative water content for mannitol, water
and control priming treatments in mungbean. Baghizadeh and
Hajmohammadrezaei (2011) showed that soaking seeds in mannitol and salicylic
acid solution caused a significant increase in the concentrations of phosphorus
and protein in different stages of seed germination and seed protein concentration
in the harvest, thus in wheat enriched with higher doses of K, showed the
maximum relative water content, higher water retention capacity and exudation
rate. Water saturation deficit highly reduced with higher level of K. Fertilizer
potassium however, made leaf water potential more negative. The beneficial
effect of potassium on water stress tolerance in wheat plants were more
noticeable under water stressed conditions than under control conditions (Baque
et al., 2002).
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Table 3. Effect of different concentrations of mannitol and water on relative
water content

Treatments Relative water content (%)
BARI Mung 6 Binamoog 5
T0 75.74 f 7457 f
T1 78.69 e 78.63 e
T2 82.69 d 83.73 ¢
T3 86.49 b 88.56 a
T4 90.47 a 85.56 b
T5 84.76 c 82.48 d
LSD (0.05) 1.077 1.161
CV (%) 0.99% 1.08%

To = Seeds without priming (control); T. = Seeds primed with distilled water for 9 hours; T, = Seeds
primed with 2% mannitol for 9 hours, T3 = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts= Seeds primed with 8% mannitol for 9 hours.

4.1.11 Effect on water saturation deficit (%)

Seedling water saturation deficit was significantly affected by different mannitol
concentration, water and control priming (Figure 8). Water saturation deficit was
gradually decreased with increasing mannitol concentration up to T4 and T3 for
BARI Mung 6 and Binamoog 5 respectively and then increased with the
increasing mannitol concentration. The highest water saturation deficit (24.26%)
of Binamoog 5 compare to water saturation deficit (25.43%) of BARI Mung 6
was found in TO treatment. The lowest water saturation deficit (9.53%) and
(11.44%) for BARI Mung 6 and Binamoog 5 was found in T4 and T3 treatment
respectively. This result also in agreement with the findings of previous
researchers in field crops like mungbean (Asaduzzaman, 2014; Rahman, 2014),
wheat (Faijunnahar et al., 2017). Baque et al. (2002) reported that generally
higher doses of potassium resulted the maximum relative water content, higher
water retention capacity and exudation rate in drought affected wheat. Water

saturation deficit highly reduced with higher level of K. Potassium fertilizer also

46



made the leaf water potential more negative. Under drought stressed conditions
the beneficial effect of potassium on drought stress was more noticeable than

under control conditions.
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Figure 8. Effect of different concentrations of mannitol and water on water
saturation deficit (LSD .05y = 1.077 and 1.161 for BARI Mung 6
and Binamoog 5 respectively).

To = Seeds without priming (control); T1 = Seeds primed with distilled water for 9 hours; T, = Seeds
primed with 2% mannitol for 9 hours, Ts = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts= Seeds primed with 8% mannitol for 9 hours.

4.1.12 Effect on water retention capacity

Water retention capacity of BARI Mung 6 and Binamoog 5 was significantly
varied by different mannitol concentration, water and control priming (Table 4).
Water retention capacity was increased up to 6% and 4% of mannitol
concentration for BARI Mung 6 and Binamoog 5, respectively and then
decreased slightly. The maximum water retention capacity (20.70) was observed
in T4 treatment for BARI Mung 6 compare to water retention capacity (19.70)
was observed in T3 treatment for Binamoog 5. Water retention capacity of BARI
Mung 6 was higher than Binamoog 5. The minimum water retention capacity
(16.47) was noticed for BARI Mung 6 and (15.87) was noticed for Binamoog 5
in TO treatment. This study was in agreement with the findings of Faijunnahar et
al. (2017); Baque et al. (2016) and Rahman (2014). Faijunnahar et al. (2017)
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also said that priming helps to activate the metabolic enzymes responsible for
germination of seed before germination takes place, so the hydro and osmo-
primed seedlings can uptake more water than the non-primed ones and obtained
the maximum turgid weight, in consequence, they obtained the maximum water
retention capacity. Generally higher doses of potassium resulted the maximum
relative water content, higher water retention capacity and exudation rate in
drought affected wheat. Water saturation deficit highly reduced with higher level
of K. Potassium fertilizer also made the leaf water potential more negative.
Under drought stressed conditions the beneficial effect of potassium on drought
stress was more noticeable than under control conditions (Baque et al., 2002).

Table 4. Effect of different concentrations of mannitol and water on water
retention capacity

Treatments Water retention capacity
BARI Mung 6 Binamoog 5
TO 16.47 d 1587 ¢
T1 17.27 cd 16.61 ¢
T2 18.41 bc 1797 b
T3 19.37 ab 19.70 a
T4 20.70 a 18.19 b
T5 18.19 bcd 16.99 bc
LSD (0.05) 1.828 1.327
CV (%) 7.61% 5.79%

To = Seeds without priming (control); T. = Seeds primed with distilled water for 9 hours; T, = Seeds
primed with 2% mannitol for 9 hours, T3 = Seeds primed with 4% mannitol for 9 hours; T4 = Seeds
primed with 6% mannitol for 9 hours, Ts= Seeds primed with 8% mannitol for 9 hours.
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4.2 Second experiment

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

mungbean

Results obtained from the present study regarding the pre-sowing priming time
on the germination behavior of mungbean have been demonstrated, discussed
and compared in this section. The analytical results have been displayed in
Figures 9 to 12 and Tables 5 to 12.

4.2.1 Effect on germination percentage

Germination percentage was significantly influenced by different priming
(control, water and mannitol) time. Germination percentage gradually increased
up to 9 hrand 6 hr priming for BARI Mung 6 and Binamoog 5 respectively and
therefore decreased slowly (Figures 9). In BARI Mung 6, highest germination
percentage (96.66%) was observed form T8 treatment which was statistically
similar with T3 (92.66%). Lowest germination percentage was recorded from TO
(82.00%) which was statistically similar with T1, T5, T6 and T10. In Binamoog
5, highest germination percentage (96.66%) was observed at T6 treatment which
was statistically similar with T2 (92.00%). Lowest germination percentage was
recorded from T5 (80.66%) which was statistically similar with TO, T1, T3, T4,
T9 and T10. This result was in agreement with the previous findings of Baque et
al. (2016); Yagmur and Kaydan (2008); Afzal (2005); Afzal et al. (2005); Demir
and Ermis (2003) and Roy and Srivastava (2000). According to Basra et al.
(2003) and Salinas (1996) seed priming techniques enhanced the germination
percent, emergence and seedling standby. Dastanpoor et al. (2013) reported that,
Salvia officinalis L. expressed final germination percentage (FGP) 25.5%
enhanced by hydropriming (12 hr at 30°C) that of non-primed seeds. According
to Moradi et al. (2012) lower priming duration (i.e., 12 and 24 hr) enhanced
germination in normal condition, while in drought stress a higher priming
duration (i.e., 36 and 48 hr) provided more protection. Abnavi and Ghobadi
(2012); Lemrasky and Hosseini (2012); Giri and Schillinger (2003) also

observed that wheat seed priming with water for 12 hr achieved better than non-
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primed seed. Whereas Hamidreza et al. (2013); Yari et al. (2010) concluded that,
hydro priming duration from 6 to 12 h expressed better result in germination

percentage of wheat over hydro priming duration from 18 to 24 hr.
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Figure 9. Effect of different priming (mannitol and water) time on
germination percentage (LSD (0.05) = 4.706 and 4.861 for BARI
Mung 6 and Binamoog 5 respectively).

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).

4.2.2 Effect on mean germination time (days)

Mean germination time was significantly varied by different priming (control,
water and mannitol) time (Figure 10). Mean germination time decreased up to 9
hrand 6 hr priming for BARI Mung 6 and Binamoog 5 respectively and therefore
increased gradually. In BARI Mung 6, maximum mean germination time (4.618
days) was found form TO treatment and minimum germination percentage was
found from T8 (4.438) which was statistically similar with T2, T3, T7 and T9.
In Binamoog 5, maximum mean germination time (4.588 days) was recorded
from TO treatment and lowest germination percentage was recorded from T7

(4.462). This result also in agreement with the findings of previous researcher
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(Asaduzzaman, 2014). Harris et al. (1999) reported that early emergence and
maturity in seed priming treatment could be due to advancement in metabolic
state. Musa et al. (1999) also concluded that priming improve plant stand and
provide benefits in term of maturity. Seed priming resulted in earlier emergence
of seedlings by 1-3 days and significantly increased plant stand and initial growth
vigour. Priming influenced the MGT compared with control seeds at all of the
germination temperatures. In generally, lentil seeds primed for 24 hr reduced
hours required reaching 50% germination compared with the seeds primed for
12 hr. The interaction between priming and time was significant for MGT and
the least values were obtained from water treatment compared with other priming
and control treatments in both priming times (Yucel, 2012). Afzal et al. (2004)
also said that 24 hr osmo-priming with jute mat reduced the time to 50%

emergence and mean emergence time.
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Figure 10. Effect of different priming (mannitol and water) time on mean
germination time (LSD (.05 = 0.06981 and 0.08061 for BARI
Mung 6 and Binamoog 5 respectively).

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).
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4.2.3 Effect on germination index

Significant difference was observed in germination index for both BARI Mung
6 and Binamoog 5 (Table 5). Germination index was increased with the
increasing of priming time up to 9 hr and 6 hr priming for BARI Mung 6 and
Binamoog 5 respectively and therefore decreased with the increasing of priming
time. In BARI Mung 6, highest germination index (79.90) was achieved form T8
treatment which was statistically similar with T3 (77.67) treatment. Lowest
germination index was achieved from TO (59.87). In Binamoog 5, highest
germination index (80.07) was calculated from T7 treatment and lowest
germination index was calculated from TO (61.46) which was statistically similar
with T4, T5, and T10. Overall vermination index was higher in Binamoog 5 than
BARI Mung 6.

Table 5. Effect of different priming (mannitol and water) time on
germination index

Treatments Germination index
BARI Mung 6 Binamoog 5
TO 5987 ¢ 61.46 f
T1 6559 f 67.91 de
T2 72.32  bc 76.60 b
T3 7767 a 66.47 e
T4 69.97 de 62.95 f
T5 67.90 ef 62.61 f
T6 70.05 cde 69.45 cd
T7 7381 b 80.07 a
T8 7990 a 7134 ¢
T9 71.36 cd 66.51 e
T10 66.58 f 63.35 f
LSD (0.05) 2.329 2.701
CV (%) 2.59% 3.11%

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).
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This study was in agreement with the findings of Asaduzzaman (2014). Time
duration of water uptake in hydro and osmo-priming plays a vital role in
increasing germination index in primed seeds as compared with non-primed
seeds. In other words, priming period water uptake rate is slow and seeds get
enough time to complete the pre-germination process (Varier et al., 2010).
Kumar et al. (2017) proposed that osmo-priming increased the germination
speed significantly in PEG 20% of 12 hr seeds followed by Mannitol 4% of 12

hr when compared with control.

4.2.4 Effect on coefficient of velocity

In both varieties, analysis of variance showed significant difference in coefficient
of velocity (Figure 11). Coefficient of velocity increased up to 9 hr and 6 hr
priming for BARI Mung 6 and Binamoog 5 respectively and therefore decreased
with the increasing of priming time. Maximum coefficient of velocity (22.52)
was found at T8 treatment which was statistically similar with T2, T3, T7 and
T9 treatment and minimum result was found at TO (21.65) treatment for BARI
Mung 6. In Binamoog 5, maximum coefficient of velocity (22.41) was calculated
from T7 treatment which was statistically similar with T2, T3, T6 and T8
treatment and lowest germination index (21.79) was calculated from TO
treatment which was statistically similar with T1, T3, T4, T5, T6, T9 and T10.
BARI Mung 6 showed higher coefficient of velocity than Binamoog 5.

This study was in agreement with the findings of Asaduzzaman (2014). Tavili et
al. (2011) reported that speed of germination of Bromus increased with seed
priming treatments rather than that of control. Similarly, Elkoca et al. (2007)
determined that hydro priming treatment in chickpea induced faster and more
synchronous germination compared with the unprimed seeds thus increase co

efficient of velocity.
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Figure 11. Effect of different priming (mannitol and water) time on
coefficient of velocity (LSD (0.0s) = 0.3372 and 0.3716 for BARI
Mung 6 and Binamoog 5 respectively).

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).

4.2.5 Effect on energy of emergence (%)

Different priming (mannitol, water and control) time showed significant
variation in energy of emergence (Table 6). Energy of emergence increased with
the increasing of priming time up to 9 hr and 6 hr priming for BARI Mung 6 and
Binamoog 5 respectively and then decreased with the increasing of priming time.
In BARI Mung 6, higher coefficient of velocity (97.33) was noticed at T8
treatment which was statistically similar with T3 (93.33) and lower coefficient
of velocity was noticed at TO (84.00) was statistically similar with T1, T5, T6,
T9 and T10. In Binamoog 5, higher coefficient of velocity (97.33) was noticed
at T7 treatment and lower coefficient of velocity was noticed at TO (83.33) which
was statistically similar with T1, T3, T4, T5, T9 and T10. This study was in
agreement with the findings of Asaduzzaman (2014). Assefa and Hunje (2011)
reported that the speed of germination and emergence in soybean increased as
the priming duration increased from 0 to 14 hours. The germination decreased
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with increased priming duration beyond 14 hours. In the early stage of
germination seeds of a wide variety of plants can be dried back to 10 per cent
moisture without loss of viability, but if they are dried after radical emergence

(as the duration increases) the seeds are not able to germinate.

Table 6. Effect of different priming (mannitol and water) time on energy of

emergence
Energy of emergence (%
Treatments BARI Mungye e I)BinamoogS
T0 84.00 e 83.33 de
T1 84.66 e 86.66 cde
T2 89.33 bcd 92.66 b
T3 93.33 ab 85.33 cde
T4 89.33 bcd 82.66 e
T5 87.33 cde 82.66 e
T6 88.00 cde 87.33 «cd
T7 90.66 bc 97.33 a
T8 97.33 a 88.66 bc
T9 88.00 cde 86.66 cde
T10 85.33  de 84.00 de
LSD (0.05) 4.419 4.306
CV (%) 3.90% 3.88%

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).

4.2.6 Effect on shoot length (mm)

Different priming time had a significant adverse effect on shoot length for
mannitol primed, water primed and non-primed seeds (Table 7). An increasing
trend was observed in shoot length up to 9 hr and 6 hr priming for BARI Mung
6 and Binamoog 5 respectively and then decreased gradually. In BARI Mung 6,
bigger shoot length (152.8 mm) was achieved from T8 treatment and smaller
shoot length was achieved from TO (111.7 mm). In Binamoog 5, bigger shoot
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length (148.8 mm) was achieved at T7 treatment and smaller shoot length was
achieved from T0 (109.9 mm).

Table 7. Effect of different priming (mannitol and water) time on shoot
length under

Shoot length (mm)
Treatments -
BARI Mung 6 Binamoog 5
T0 1117 f 109.9 g
Tl 1223 e 120.5 f
T2 130.3 d 134.4 b
T3 138.8 bc 127.0 cd
T4 1306 d 125.6 cde
T5 127.8 de 122.1  ef
T6 1333 cd 128.5 C
T7 1429 b 148.8 a
T8 1528 a 135.4 b
T9 1428 b 127.5 c
T10 138.6 bc 123.6  def
LSD (0.05) 6.940 3.823
CV (%) 4.07% 2.35%

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).

This result was in agreement with the findings of Faijunnahar et al. (2017);
Baque et al. (2016); Dastanpoor et al. (2013); Yari et al. (2010) and
Moghanibashi et al. (2012). According to Faijunnahar et al. (2017) priming time
might help to augmented enzymatic activities of seed which trigger the vigorous
plant growth and in significantly increased the shoot length of wheat; on the other
hand, higher priming time could facilitate the ageing of seed that can be resulted
lowering the potentiality for better germination, growth and development of
seedling. Mannitol and water primed seed expressed higher shoot length because

of higher respiration and cell division where in non-primed seeds lower
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respiration and cell division shorten shoot length (Daniel et al., 2009). Kumar
et al. (2002) reported that 8 hours priming of finger millet seeds in water resulted

in an increased mean plant height by 9 cm.

4.2.7 Effect on root length (mm)

Root length of BARI Mung 6 and Binamoog 5 significantly affected by the
different priming (mannitol, water and control) time. Root length increased up
to 9 hr and 6 hr priming for BARI Mung 6 and Binamoog 5 respectively and then
decreased with the increasing of priming time (Table 8). In BARI Mung 6,
greater root length (92.41 mm) was observed from T8 treatment and shorter root
length was observed from TO (61.79 mm) which was statistically similar with T5
(64.22 mm). In Binamoog 5, greater root length (71.23 mm) was observed at T7
treatment and shorter root length was observed from TO (109.9 mm) which was
statistically similar with T5 and T10. This result was in agreement with the findings
of Faijunnahar et al. (2017); Baque et al. (2016); Dastanpoor et al. (2013); Yari
et al. (2010) and Moghanibashi et al. (2012). Murray (1989), who concluded that
over priming may cause oxygen deficiency and the build-up of inhibitors. The
findings of this study suggested that priming duration of 12 h was generally safer
for pea. According to Baque et al. (2016) increasing of seed soaking duration(12-
24h) improved root length of wheat. Arif et al. (2008) conducted a field
experiment in Peshawar, Pakistan and they reported that priming improved the
seed establishment in soybean which might be due to the completion of pre-
germination metabolic activities earlier which makes the seed ready for radical
protrusion thus increase root length. Faijunnahar et al. (2017) also reported that
the maximum root length was recorded when the seed primed with 10% PEG

solution for 12 hr.
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Table 8. Effect of different priming (mannitol and water) time on root length

under
Treatments Root length (mm) .

BARI Mung 6 Binamoog 5

T0 61.79 e 47.24 h

Tl 5459 f 51.40 fg

T2 7177 d 60.38 b

T3 8134 b 55.85 de

T4 7097 d 52.04 fg

T5 6422 e 49.24 gh

T6 73.05 «cd 56.44 cd

T7 82.67 b 71.23 a

T8 9241 a 59.37 bc

T9 76.16 ¢ 52.74 ef

T10 69.99 d 49.24 gh
LSD (0.05) 4.128 3.486
CV (%) 4.46% 4.97%

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).

4.2.8 Effect on seedling dry weight (mg)

Different priming time had a significant positive effect on seedling dry weight
for mannitol primed, water primed and non-primed seeds (Table 9). An
increasing trend was observed in seedling dry weight up to 9 hr and 6 hr priming
for BARI Mung 6 and Binamoog 5 respectively and then decreased gradually.
In BARI Mung 6, maximum seedling dry weight (92.41 mg) was recorded from
T8 treatment and minimum seedling dry weight was recorded from TO (61.79
mg) was statistically similar with T5. In Binamoog 5, maximum seedling dry
weight (71.23 mg) was recorded from T7 treatment and minimum seedling dry
weight was recorded from TO (47.24 mg) which was statistically similar with T5
and T10.
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Table 9. Effect of different priming (mannitol and water) time on seedling

dry weight
Seedling dry weight (mg)
Treatments
BARI Mung 6 Binamoog 5
T0 65.03 g 60.49 |
T1 7046 f 68.61 ¢
T2 76.57 d 7773 ¢
T3 85.02 b 7154 f
T4 80.30 ¢ 66.63 h
T5 76.78 d 63.79 i
T6 7349 e 7349 e
T7 84.05 b 88.71 a
T8 9219 a 82.48 b
T9 85.16 b 7485 d
T10 77.70 cd 68.65 ¢
LSD (0.05) 2.818 1.046
CV (%) 2.81% 1.13%

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).

From current findings; dry weight increase with mannitol in rice is confirming
the previous results of many scientists practiced in different crops (Nighat et al.,
2006; Nishimura et al., 2011; Hoekstra et al., 2001). Osmo-priming at 6 hr seed
treatment significantly affected shoot dry weight had highest shoot dry weight
of wheat (Hamidreza et al., 2013). But Moghanibashi et al. (2012) revealed that,
24 hr hydropriming increased shoot dry weight of sunflower as compared to non-
primed seed. According to Faijunnahar et al. (2017) enzymatic activities of seed
increased with increasing optimum time, which generate the proliferous root
growth and in significantly increased the root dry weight of wheat. Over priming
time facilitate the ageing of seed which caused loose the potentiality for better

germination, growth and development of seedling.
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4.2.9 Effect on vigour index

Vigour index of BARI Mung 6 and Binamoog 5 significantly varied by the
different priming (mannitol, water and control) time. Vigour index increased up
to 9 hr and 6 hr priming for BARI Mung 6 and Binamoog 5 respectively and then
decreased with the increasing of priming time (Table 10). In BARI Mung 6,
greater seedling virour index (237.2) was found at T8 treatment and lower vigour
index was found at TO (142.3) was statistically similar with T1. In Binamoog 5,
greater seedling virour index (212.8) was found at T7 treatment and minimum
seedling dry weight was found at TO (127.9) which was statistically similar with
T5.

Table 10. Effect of different priming (mannitol and water) time on vigour

index
Treatments Vigour index -
BARI Mung 6 Binamoog 5
TO 1423 f 1279 f
T1 1473 f 147.8 de
T2 1805 d 1793 b
T3 2040 b 154.8 cd
T4 1771 d 145.7 de
T5 163.8 e 138.1 ef
T6 1788 d 160.3 ¢
T7 201.5 bc 2128 a
T8 237.2 a 1714 b
T9 191.1 ¢ 153.8 cd
T10 176.3 d 1428 e
LSD (0.05) 10.41 10.77
CV (%) 4.49% 5.36%

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).
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Seedling vigour increased by using seed priming methods in sorghum and
Bambara groundnut. Also, highest seedling vigour was achieved by osmo-
priming (Mannitol priming) in Bambara groundnut and by hydro-priming in
sorghum (Safiatou, 2012). The probable reason for the highest vigour index
might be due to photosynthetic capacity treated with bio fertilizers increases due
to increased supply of nutrition found from priming treatment (Farnia and Shafie,
2015).

4.2.10 Effect on relative water content (%0)

Different priming time had a significant influential effect on relative water
content up to 9 hr and 6 hr priming for BARI Mung 6 and Binamoog 5
respectively and then decreased gradually (Figure 12). Relative water content of

seedling valued significand difference among the treatments.

mBARI Mung 6 = Binamoog 5
100 —

90
80
70 -

60

Relative water content (%0)

50 -
TO T1 T2 T3 T4 15 Te6 T7 T8 T9 TI10

Treatments

Figure 12. Effect of different priming (mannitol and water) time on relative
water content (LSD (o.05) = 1.238 and 1.079 for BARI Mung 6 and
Binamoog 5 respectively).

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).
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In BARI Mung 6, highest seedling relative water content (90.07%) was noticed
from T8 treatment and lowest seedling relative water content from TO (75.54%).
In Binamoog 5, highest seedling relative water content (88.34%) was noticed at

T7 treatment and lowest seedling relative water content from TO (74.77%).

This result also in agreement with the findings of previous researcher
(Asaduzzaman, 2014). Faijunnahar et al. (2017) reported that growth of healthy
and vigorous seedling through enhanced enzymatic activities of seed with
optimum priming time, which might have the capacity to provide higher relative
water content. Over priming time prompt the ageing process of primed seed,
produced weak and lean seedling ultimately exhibited lower relative water

content.

4.2.11 Effect on water saturation deficit (%0)

Seedling water saturation deficit of BARI Mung 6 and Binamoog 5 was
decreased up to 9 hr and 6 hr respectively and then increased gradually (Table
11). Seedling water saturation deficit noticed significant difference among the
treatments. In BARI Mung 6, greater seedling water saturation deficit (24.46%)
was found at TO treatment and lower seedling water saturation deficit was found
at T8 (9.93%). In Binamoog 5, greater seedling water saturation deficit (25.23%)
was found at TO treatment which was statistically similar with T5 and T10.

Lowest lower seedling water saturation deficit was found at T7 (11.66%).

This result also in agreement with the findings of previous worker
(Asaduzzaman, 2014). Lower priming time induced lower enzymatic activities
which result weak and lean seedling. On the other hand, over priming time
accelerate ageing process and produced weak and lean seedling which were
failed to uptake enough water and provided more water saturation deficit value
(Faijunnahar et al., 2017).
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Table 11. Effect of different priming (mannitol and water) time on water
saturation deficit

Water saturation deficit (%)
Treatments -
BARI Mung 6 Binamoog 5
TO 2446 a 2523 a
Tl 2095 b 19.61 b
T2 15.68 de 13.88 f
T3 11.99 g 1597 de
T4 16.52 d 17.00 cd
T5 17.78 C 1788 ¢
T6 17.84 C 16.71 d
T7 13.77 f 1166 ¢
T8 9.93 h 1513 e
T9 14.53 ef 17.04 cd
T10 16.46 d 1795 ¢
LSD (0.05) 1.238 1.079
CV (%) 5.94% 4.94%

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).

4.2.12 Effect on water retention capacity

Increasing priming (mannitol, water and control) time increased the seedling
water retention capacity of BARI Mung 6 and Binamoog 5 up to 9 hr and 6 hr
respectively and then decreased gradually (Table 12). Seedling water retention
capacity valued significand difference among the treatments. In BARI Mung 6,
maximum seedling water retention capacity (20.79) was noticed from T8
treatment and minimum seedling water retention capacity from TO (16.28). In

Binamoog 5, maximum seedling water retention capacity (19.67) was noticed at
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T7 treatment and minimum seedling water retention capacity from TO (15.47)

which was statistically similar with T10.

Lower priming time induced lower enzymatic activities which result weak and
lean seedling. On the other hand, over priming time accelerate ageing process
and produced weak and lean seedling which were failed to uptake enough water
and provided more water saturation deficit value. Vigorous seedling can uptake
enough water than the weaker seedling which ensured maximize the turgid
weight of seedling so the water retention capacity might be higher than the lower
and over priming time (Faijunnahar et al., 2017).

Table 12. Effect of different priming (mannitol and water) time on water
retention capacity

Treatments Water retention capacity |

BARI Mung 6 Binamoog 5

TO 16.28 h 15.47 g

T1 17.13 g 17.71 cd

T2 18.28 cd 18.94 ab

T3 19.58 b 17.82 cd

T4 1757 efg 17.07 de

T5 17.30 fg 16.05 fg

T6 17.01 g 18.25 bc

T7 18.56 c 19.67 a

T8 20.79 a 1865 b

T9 18.06 cde 17.59 cd

T10 17.75  def 16.67  ef
LSD (0.05) 0.5686 0.8191
CV (%) 2.48% 3.65%

TO = Seeds without priming (control), T1 = Seeds primed with distilled water for 3 hours, T2 = Seeds
primed with distilled water for 6 hours, T3 = Seeds primed with distilled water for 9 hours, T4 = Seeds
primed with distilled water for 12 hours, T5 = Seeds primed with distilled water for 15 hours, T6 = Seeds
primed with mannitol solution for 3 hours, T7 = Seeds primed with mannitol solution for 6 hours for, T8
= Seeds primed with mannitol solution for 9 hours, T9 = Seeds primed with mannitol solution for 12
hours, T10 = Seeds primed with mannitol solution for 15 hours (BARI Mung 6 primed with 6% mannitol
solution and Binamoog 5 primed with 4% mannitol solution).
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4.3 Third experiment

Study on the germination behavior of primed seed (mungbean) under
drought (Polyethylene Glycol) stress condition

Results obtained from the present study regarding the germination behavior of
primed seed (mungbean) under drought (Polyethylene Glycol) stress condition.

The analytical results have been displayed in Figures 13 to 25.

4.3.1 Effect on germination percentage

Different drought stress condition exhibited significant variation in germination
percentage (Figure 13). Germination percentages from mannitol primed, water
primed and non-primed seeds gradually decreased with increasing drought stress
level. But germination percentage of mannitol and water primed seeds were
higher than the non-primed seeds. The highest germination percentage (96.66%)
and (95.66%) was achieved in mannitol primed control stress (0% PEG)
condition for Binamoog 5 and BARI Mung 6 respectively. Lowest germination
percentage (45.33%) was found in BARI Mung 6 and (42.66%) was found in
Binamoog 5 under 20% PEG stress condition in non-primed seed. Seed priming
enhance a wide range of biochemical changes which was crucial for germination,
I.e., breaking of dormancy, hydrolysis or metabolism of inhibitors, imbibitions
and enzymes activation (Ajouri et la., 2004). Primed seed can rapidly consume
and revitalize the seed metabolism; thus, germination percentage was increased
and the physiological heterogeneity was triggered down (Rowse, 1995).
Moreover, seed priming most likely contributes to fix-up of damage membrane
caused by deterioration and lead to better germination pattern and higher vigor
level compared with non-primed seeds (Jisha et al., 2013 and Ruan et al., 2002b).
Priming showed stimulating effects in the early stages of germination by the
initiating cell division in germinating seeds (Hassanpouraghdam et al., 2009).
Similar mechanisms seem to perform in the course of our experiments so that
mannitol-primed seeds resulted in higher germination attributes and rapid
seedling growth under osmotic stress. Hydropriming meaningfully boost

germination rate (Ghassemi-Golezani et al., 2010a) and is a useful technique for
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optimized overall germination percentage (Maiti et al., 2013) these beneficial
effects of hydropriming have been attributed when seeds imbibe, the water
content reaches a plateau and changes little until radicle emergence (Bradford,
1986).
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Figure 13. Effect of different drought levels on germination percentage of
primed (mannitol and water) and non-primed (control) seeds
(LSD (0.05) = 3.740 and 3.156 for BARI Mung 6 and Binamoog 5
respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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4.3.2 Effect on mean germination time (days)

Mean germination time of BARI Mung 6 and Binamoog 5 were significantly
increased with the increasing of drought stress (PEG solution) levels (Figure 14).
But mean germination time of mannitol and water primed seeds was lower than
non-primed seeds. Highest mean germination time (5.114 days) was recorded in
BARI Mung 6 and (4.936 days) was recorded in Binamoog 5 under 20% PEG
stress condition in non-primed seed. And the lowest mean germination time
(4.441 days) and (4.459 days) was recorded in mannitol primed control stress
(0% PEG) condition for BARI Mung 6 and Binamoog 5 respectively. Seedling
emergence percentage for seeds primed with water was higher than that for other
primed and unprimed seeds. Seed priming with water enhanced seedling
emergence rate in the field. Afzal et al. (2011b) carried out a laboratory study to
investigate the influence of priming with mannitol (2, 4 and 6%) on germination
and seedling growth of African and French marigold seeds. He found that effect
of mannitol in increasing reducing sugar and total sugars as well as a-amylase
activity in primed seeds and reduce mean germination time.

This result was supported by previous findings of Rahman (2014) and
Asaduzzaman, (2014). Kumar et al. (2017) found that 4% mannitol showed
maximum speed of germination (71.50) in chickpea. Priming with 2 and 4%
mannitol for 24 hr maximally increased final germination percentage,
germination capacity, germination index, shoot and root lengths and decreased
mean germination time of marigold species as compared to all pre-sowing seed
treatments including control. This could be attributed to the effect of mannitol in
increasing reducing sugar and total sugars as well as a-amylase activity in primed
seeds (Afzal et al., 2011b). Rahman et al, (2016) found that Priming with pure
water had reduced MGT from 28.3 hr as in dry seeds (unprimed) to 10.5 hr.
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Figure 14. Effect of different drought levels on mean germination time of
primed (mannitol and water) and non-primed (control) seeds
(LSD (005y = 0.08001 and 0.05658 for BARI Mung 6 and
Binamoog 5 respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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4.3.3 Effect on germination index

The results regarding germination index of BARI Mung 6 and Binamoog 5
exposed that germination index decreased significantly with increasing of
drought stress (PEG solution) levels (Figure 15). But germination index of
mannitol and water primed seeds were higher than the non-primed seeds. The
maximum germination index (80.07) was observed in Binamoog 5 and (79.70)
observed in BARI Mung 6 at in mannitol primed control stress (0% PEG)
condition. Minimum germination index (24.70) and (22.65) was observed in
Binamoog 5 and BARI Mung 6 respectively.

This result was in agreement with the previous work of Rahman (2014), and
Asaduzzaman (2014). The benefits of seed priming were reported by Harris et
al. (2001) in crops like wheat, rice and maize which included faster emergence
(rate and speed), better and uniform stands, less need to re-sow, more vigorous
plants, better drought tolerance, earlier flowering, earlier harvest and higher
grain yield.

Moghanibashi et al. (2012) reported that growth rate of all parameters reduced
under salinity and/or drought condition in case of primed and un-primed seeds.
Higher GI found on primed seeds under all salinity and/or drought levels as
compared with non-primed seeds. Germination index inhibited due to drought
stress, but it can be overcome by using osmo-priming treatments in soybean
(Ghiyasi and Tajbakhsh, 2013).
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Figure 15. Effect of different drought levels on germination index of primed
(mannitol and water) and non-primed (control) seeds (LSD (.05
= 2.181 and 1.812 for BARI Mung 6 and Binamoog 5
respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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4.3.4 Effect on coefficient of velocity

Coefficient of velocity of BARI Mung 6 and Binamoog 5 showed significant
variation among the treatments (Figure 16). Increasing the drought stress (PEG
solution) level significantly decreased the values of coefficient of velocity.
However, this decreasing trend was more noticeable for non-primed seeds than
for primed seeds. Highest coefficient of velocity (22.54) was noticed in BARI
Mung 6 and (22.37) was noticed in Binamoog 5 under mannitol primed control
stress (0% PEG) condition. The lowest coefficient of velocity (19.57) and
(20.27) was noticed under 20% PEG stress condition in non-primed seed for

BARI Mung 6 and Binamoog 5 respectively.

Generally, CV increases as more seeds germinate and with shorter germination
time. The CV gives an indication of the speed and uniformity of seedling growth
(i.e., a higher CV means higher vigour). During priming of tomato seeds, the
breakdown of protein bodies was more extensive in endosperm cells at the
micropylar region than was observed prior to germination in non-primed seeds
(Haigh, 1988). So, speed of germination and uniformity of seed through priming

was observed in tomato and enhanced coefficient of variance.

Tavili et al. (2011) reported that speed of germination of Bromus increased with
seed priming treatments rather than that of control. Similarly, Elkoca et al.
(2007) determined that hydro priming treatment in chickpea induced faster and
more synchronous germination compared with the unprimed seeds thus increase

co efficient of velocity.
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Figure 16. Effect of different drought levels on coefficient of velocity of
primed (mannitol and water) and non-primed (control) seeds
(LSD (0.05) = 0.3511 and 0.2530 for BARI Mung 6 and Binamoog
5 respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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4.3.5 Effect on energy of emergence (%)

Different drought stress condition showed significant variation in energy of
emergence (Figure 17). Energy of emergence from mannitol primed, water
primed and non-primed seeds gradually decreased with increasing drought stress
level. But energy of emergence of mannitol and water primed seeds were higher
than the non-primed seeds. Maximum energy of emergence (98.66%) and
(97.33%) was recorded in mannitol primed control stress (0% PEG) condition
for Binamoog 5 and BARI Mung 6 respectively. Lowest germination percentage
(51.33%) was found in BARI Mung 6 and (46.66%) was found in Binamoog 5

under 20% PEG stress condition in non-primed seed.

This result was in agreement with the previous work of Rahman (2014), and
Asaduzzaman (2014). Rajpar et al. (2006) revealed that seedlings were
significantly faster in emergence, took fewer days to mature and gave
significantly higher grain yield. Hydro-priming generally enhance seed
germination and seedling emergence under saline and non-saline conditions and
also have beneficial effect on enzyme activity required for rapid germination
(Singh et al., 2015).

An experiment was conducted by Rahimi (2013) to study the effect of seed
priming improves the germination performance and emergence of cumin. Osmo-
priming improves germination performance it produces high seed vigour and
radical and plumule length at low temperature. Seed priming has been found a
double technology to enhance rapid and uniform emergence and to achieve high

vigour and better yields in cumin (Nematollahi et al., 2009).
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Figure 17. Effect of different drought levels on energy of emergence of
primed (mannitol and water) and non-primed (control) seeds
(LSD (0.05) = 3.692 and 3.769 for BARI Mung 6 and Binamoog 5
respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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4.3.6 Effect on shoot length (mm)

Drought stress had a significant adverse effect on shoot length for mannitol
primed, water primed and non-primed seeds (Figure 18). However, this effect
was less noticed in seeds priming with mannitol and water than non-primed seed.
The largest shoot length (153.7 mm) was observed in BARI Mung 6 and (147.9
mm) was observed in Binamoog 5 at in mannitol primed control stress (0% PEG)
condition. Smallest shoot length (35.75 mm) and (47.34 mm) was observed in
BARI Mung 6 and Binamoog 5 respectively under 20% PEG stress condition in

non-prime seed.

This result was in agreement with the previous work of Rahman (2014), and
Asaduzzaman (2014). Rennick and Tiernan (1978) reported that treated seeds
are showed faster and rapid elongation of coleoptile than non-treated and over
primed seeds. Lee and Kim (2000) revealed that, priming increased the metabolic
activities of seed and finally obtained larger shoot length than non-primed seed.
Kaur et al. (2003) conducted study to determine the effect of seed priming with
mannitol (4%), water and potassium nitrate on chickpea. In general priming with
water and mannitol resulted in early germination under salt stress. Priming with
4% mannitol was also as effective as mannitol and water in the enhancement of

root and shoot growth.

A field experiment was conducted by Gupta and Singh (2012) in inceptisols to
find out the effects of seed priming on chickpea. The treatments consisted of seed
priming (seed soaking in water for 8 hr). The results revealed that the growth
parameters of chickpea were significantly affected by seed priming. Soaking
chickpea seeds in water for about 8 hr significantly influenced plant height and

nodule dry weight in comparison to un-soaked seeds.
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Figure 18. Effect of different drought levels on shoot length of primed
(mannitol and water) and non-primed (control) seeds (LSD (.05
= 3.953 and 3.687 for BARI Mung 6 and Binamoog 5
respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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4.3.7 Effect on root length (mm)

Root length of BARI Mung 6 and Binamoog 5 significantly influenced by the
different drought stress (PEG solution) levels (Figure 19). Root length increased
with mannitol and water priming seeds in comparison to control seeds with
increasing drought stress level. The largest root length (91.88 mm) and (72.53
mm) was accounted in mannitol primed control stress (0% PEG) condition for
BARI Mung 6 and Binamoog 5 respectively. Smallest root length (17.18 mm)
was accounted in BARI Mung 6 and (14.68 mm) was accounted in Binamoog 5

under 20% PEG stress condition in non-primed seed.

This result was in agreement with the previous work of Rahman (2014) and
Asaduzzaman (2014). Arif et al. (2008) conducted a field experiment in
Peshawar, Pakistan and they reported that priming improved the seed
establishment in soybean which might be due to the completion of pre-
germination metabolic activities earlier which makes the seed ready for radical
protrusion thus increase root length.

Sir...Experiments conducted by Ashraf and Abu-shakra (1978) exposed that
priming of wheat seed in osmoticum or water might advance germination and
emergence and magnify vigorous root growth. Carceller and Soriano (1972)
found that osmo and hydro primed seed exerted the highest root length than non-
primed seed. Increased metabolic activities in the primed seeds enhance
considerable root length than non-primed Baque et al. (2016) and Lee and Kim
(2000). Jisha et al. (2013) reported that overall growth of plants was enhanced

owing to the seed-priming treatments.
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Figure 19. Effect of different drought levels on root length of primed
(mannitol and water) and non-primed (control) seeds (LSD (.05
= 2.631 and 2.324 for BARI Mung 6 and Binamoog 5
respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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4.3.8 Effect on seedling dry weight (mg)
Significant inhibitory effect was found in seedling dry weight of BARI Mung 6

and Binamoog 5 with increasing drought stress (PEG solution) level for mannitol
primed, water primed and non-primed seeds (Figure 20). But seedling dry weight
of mannitol and water primed seeds were higher than the non-primed seeds. The
higher seedling dry weight (92.19 mg) was found in BARI Mung 6 and (88.70
mg) was found in Binamoog 5 under mannitol primed control stress (0% PEG)
condition. And lower seedling dry weight (30.77 mg) and (25.78 mg) was found
under 20% PEG stress condition in non-primed seed for BARI Mung 6 and

Binamoog 5 respectively.

This result was supported by the findings of previous works of Rahman (2014)
and Asaduzzaman (2014). Dry weight increase with mannitol in rice is
confirming the previous results of many scientists practiced in different crops
(Nighat et al., 2006; Nishimura et al., 2011; Hoekstra et al., 2001). Pill and
Necker (2001) also suggested that primed seeds compared to non-primed seeds
showed higher seedling dry weights. Kumar et al. (2017) experimented on
chickpea and found that in case of seedling dry weight it was higher (1.02 gm to
1.59mg) in PEG 20% seeds followed by Mannitol 4% when compared with

control.

Increase of the synthesis of the hormone gibberellin, which trigger the activity
of a-amylase and other germination specific enzymes like protease and nuclease
involved in hydrolysis and assimilation of the starch enhance dry weight of the
shoot and root (Gholami et al., 2009). Ghassemi-Golezani et al., (2008c)
exhibited that hydro-priming meaningfully improved shoot and root dry weights
and Sarwar et al. (2006) also stated that shoot length and biomass of shoots and

root were better when treated with water and mannitol.
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Figure 20. Effect of different drought levels on seedling dry weight of
primed (mannitol and water) and non-primed (control) seeds
(LSD (0.05) = 2.632 and 1.996 for BARI Mung 6 and Binamoog 5

respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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4.3.9 Effect on seedling vigour index

Increasing drought stress (PEG solution) condition significantly decreased the
seedling vigour index of BARI Mung 6 and Binamoog 5 for mannitol primed,
water primed and non-primed seed (Figure 21). But seedlings vigour index of
mannitol and water primed seeds was higher than the non-primed seeds.
Maximum seedling vigour index (236.5) and (215.5) was obtained from
mannitol primed control stress (0% PEG) condition for BARI Mung 6 and
Binamoog 5 respectively. Lowest seedling vigour index (24.00) was obtained
from BARI Mung 6 and (19.68) was obtained from Binamoog 5 under 20% PEG
stress condition in non-primed seed. This result was supported by previous
findings of Baque et al. (2016) and Maiti et al. (2013). Maiti et al. (2013) also
acknowledged that osmo-priming increased seedling vigor of several vegetable
crops and concerning sponge gourd. The probable reason for the highest vigour
index might be due to photosynthetic capacity treated with bio fertilizers
increases due to increased supply of nutrition. (Farnia and Shafie, 2015).
Safiatou (2012) stated that seedling vigour increased by using seed priming
methods in sorghum and Bambara groundnut. Also, highest seedling vigour was
achieved by osmo-priming (Mannitol priming) in Bambara groundnut and by

hydro-priming in sorghum. Priming improved seedling vigour.
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Figure 21. Effect of different drought levels on vigour index of primed
(mannitol and water) and non-primed (control) seeds (LSD (.05
= 7.111 and 6.139 for BARI Mung 6 and Binamoog 5
respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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4.3.10 Effect on relative water content (%)

Relative water content was significantly more pronounced in control seeds in
compare to mannitol and water primed seed (Figure 22). Relative water content
from mannitol primed, water primed and non-primed seedlings gradually
decreased with increasing drought stress level. The highest relative water content
(90.12%) was observed in BARI Mung 6 and (88.62%) was observed in
Binamoog 5 at in mannitol primed control stress (0% PEG) condition. Lowest
relative water content (63.47%) and (61.80%) was observed in BARI Mung 6
and Binamoog 5 respectively under 20% PEG stress condition in non-prime

seed.

Under stress condition, osmo and hydro primed seedling ensures better water use
efficiency thus vigorous plant growth observed than non-primed seeds Flower et
al. (1998). A similar finding was reported by Sairam et al. (2002). Faijunnahar
et al. (2017) reported that growth of healthy and vigorous seedling through enhanced
enzymatic activities of seed with optimum priming time, which might have the capacity
to provide higher relative water content. Over priming time prompt the ageing process
of primed seed, produced weak and lean seedling ultimately exhibited lower relative

water content.

Baque et al. (2002) reported that generally higher doses of potassium resulted
the maximum relative water content, higher water retention capacity and
exudation rate in drought affected wheat. Water saturation deficit highly reduced
with higher level of K. Potassium fertilizer also made the leaf water potential
more negative. Under drought stressed conditions the beneficial effect of

potassium on drought stress was more noticeable than under control conditions.

83



BARI Mung 6
® Mannitol Priming  ®m Hydropriming = Non-prime
100 T

Relative water content (%0)

T2
Treatments

Binamoog 5
® Mannitol Priming  ®m Hydropriming = Non-prime
100

Relative water content %o

T2 T3 T4
Treatments

Figure 22. Effect of different drought levels on relative water content of
primed (mannitol and water) and non-primed (control) seeds
(LSD (o.05) =1.177 and 0.3667 for BARI Mung 6 and Binamoog 5
respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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4.3.11 Effect on water saturation deficit (%0)

Water saturation deficit of BARI Mung 6 and Binamoog 5 were significantly
increased with the increasing of drought stress (PEG solution) levels (Figure 23).
But water saturation deficit of mannitol and water primed seeds was lower than
non-primed seeds. Highest water saturation deficit (38.20%) was achieved in
Binamoog 5 and (36.53%) was achieved in BARI Mung 6 under 20% PEG stress
condition in non-primed seed. And the lowest water saturation deficit (11.38%)
and (9.87%) was achieved in mannitol primed control stress (0% PEG) condition

for Binamoog 5 and BARI Mung 6 respectively.

This result was in agreement with the previous work of Rahman (2014) and
Asaduzzaman (2014). Faijunnahar et al. (2017) reported that relative water
content and water saturation deficit had an inverse relation between them. The
enzymatic activities were lower in non-prime seed which result produced the
weak and lean seedling on the other hand due to over priming time, ageing
process was accelerated and produced weak and lean seedling which were failed

to uptake enough water and provided more water saturation deficit value.

According to Baque et al. (2002) higher doses of potassium resulted the
maximum relative water content, higher water retention capacity and exudation
rate in drought affected wheat. Water saturation deficit highly reduced with
higher level of K. Potassium fertilizer also made the leaf water potential more
negative. Under drought stressed conditions the beneficial effect of potassium

on drought stress was more noticeable than under control conditions.
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Figure 23. Effect of different drought levels on water saturation deficit of
primed (mannitol and water) and non-primed (control) seeds
(LSD (0.05) = 1.177 and 0.3667 for BARI Mung 6 and Binamoog 5
respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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4.3.12 Effect on water retention capacity

Water retention capacity of BARI Mung 6 and Binamoog 5 showed significant
variation among the treatments (Figure 24). Increasing the drought stress (PEG
solution) level significantly decreased water retention capacity. However, this
decreasing trend was more noticeable for non-primed seeds than for primed
seeds. Maximum water retention capacity (20.80) was noticed in BARI Mung 6
and (19.78) was noticed in Binamoog 5 under mannitol primed control stress
(0% PEG) condition. Minimum water retention capacity (15.16) and (15.06) was
noticed under 20% PEG stress condition in non-primed seed for BARI Mung 6

and Binamoog 5 respectively.

This result was in agreement with the previous work of Rahman (2014) and
Asaduzzaman (2014). Faijunnahar et al. (2017) also said that priming helps to
activate the metabolic enzymes responsible for germination of seed before
germination takes place, so the hydro and osmo-primed seedlings can uptake
more water than the non-primed ones and obtained the maximum turgid weight,

in consequence, they obtained the maximum water retention capacity.

Baque et al. (2002) reported that generally higher doses of potassium resulted
the maximum relative water content, higher water retention capacity and
exudation rate in drought affected wheat. Water saturation deficit highly reduced
with higher level of K. Potassium fertilizer also made the leaf water potential
more negative. Under drought stressed conditions the beneficial effect of

potassium on drought stress was more noticeable than under control conditions.
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Figure 24. Effect of different drought levels on water retention capacity of
primed (mannitol and water) and non-primed (control) seeds
(LSD (0.05) = 0.1960 and 0.2994 for BARI Mung 6 and Binamoog
5 respectively).

TO= Primed (mannitol and water) and non-primed (control) seeds placed in control (without PEG);
T1=Primed (mannitol and water) and non-primed (control) seeds placed with 5% PEG: T2=Primed
(mannitol and water) and non-primed (control) seeds placed with 10% PEG, T3= Primed (mannitol and
water) and non-primed (control) seeds placed with 15% PEG: T4 = Primed (mannitol and water) and
non-primed (control) seeds placed with 20% PEG. BARI Mung 6 primed with 6% mannitol and water
for 9 hours and Binamoog 5 primed with 4% mannitol and water for 6 hours.
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CHAPTER V
SUMMARY AND CONCLUSION

The experiment was carried out at the Agronomy Laboratory of the Central
Laboratory, Sher-e-Bangla Agricultural University (SAU), Sher-e-Bangla
Nagar, Dhaka-1207 during the period from 22 April, 2018 to 15 June, 2018 to
study seed priming with mannitol induced drought tolerance capacity under

stress condition in BARI Mung 6 and Binamoog 5.

The entire study was carried out under three individual experiments with
Completely Randomized Design (CRD). Different chemicals such as mannitol
and distilled water were used as priming agent, Polyethylene Glycol (PEG) was
used for induction of drought stress condition and 75% alcohol was used for
surface sterilization. Priming was done in room temperature and all the primed
seeds were removed from the priming solution at required time. Thirty seeds
were selected randomly and placed on 120 mm diameter Petri dishes on saturated
whatman no.1l filter paper for germination. Emergence of 2 mm radical
considered for germination occurred and every 24 hours interval germination
progress was observed and data recorded up to continued 8 days. Shorter, thicker
and spiral formed hypocotyls and stunted primary rooted seedlings and dead
seeds were taken off from the Petri dishes. The data on germination parameters
of mungbean like germination percentage, mean germination time, germination
index, coefficient of velocity, energy of emergence and growth parameters like
shoot length, root length, seedling dry weight and vigour index, Relative water
content (RWC), water saturation deficit (WSD) and water retention capacity
(WRC). Data were analyzed using a computer software MSTAT-C. The
significance of difference among the treatments means was estimated by the least
significant difference (LSD) at 5% level of probability.

The first experiment was conducted to find the germination behavior of
mungbean (BARI Mung 6 and Binamoog 5) at different concentrations of
priming agents (Mannitol and Distilled water). For BARI Mung 6 and Binamoog

5, the highest germination percentage 95.33% and 96.66%, germination index
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80.40 and 80.75, energy of emergence 96.66% and 98.00%, coefficient of
velocity 22.46 and 22.34, shoot length 153.8 mm and 148.9 mm, root length
92.98 mm and 75.45 mm, seedling dry weight 90.49 mg and 82.94 mg, vigor
index 235.3 and 216.8, relative water content 90.47% and 88.66%, water
retention capacity 20.70 and 19.70 were recorded at T4 and T3 treatment,
respectively. The lowest mean germination time (4.454 days) and (4.466 days),
water saturation deficit 9.53% and 11.44% in T4 and T3 treatment were observed
for BARI Mung 6 and Binamoog 5, respectively. From the first experiment, 6%
and 4% mannitol show better performance over control, water primed, 2% and
8% mannitol for germination percentage, mean germination time, germination
index, coefficient velocity, energy of emergence, shoot length, root length,
seedling dry weight, vigour index, relative water content, water saturation deficit

and water retention capacity for BARI Mung 6 and Binamoog 5 respectively.

The second experiment was conducted to calculate the pre-sowing priming time
on the germination behavior of mungbean (BARI Mung 6 and Binamoog 5). For
BARI Mung 6 and Binamoog 5, the highest germination percentage 96.66% and
96.66%, germination index 79.9 and 80.05, coefficient of velocity 22.52 and
22.41, energy of emergence 97.33% and 97.33%, shoot length 152.8 mm and
148.8 mm, root length 92.41 mm and 71.23 mm, seedling dry weight 92.19 mg
and 88.71 mg, vigor index 237.2 and 212.8, relative water content 90.07% and
88.34%, water retention capacity 20.79 and 19.67 were recorded at T8 and T7
treatment, respectively. The lowest mean germination time (4.462 days) and
(4.438 days), water saturation deficit 9.93% and 11.66% in T8 and T7 treatment
were observed for BARI Mung 6 and Binamoog 5, respectively. From the second
experiment, 9 hours show better performance in BARI Mung 6, 6 hours for
Binamoog 5 over control, 3, 12 and 15 hours priming for germination percentage,
mean germination time, germination index, coefficient velocity, energy of
emergence, shoot length, root length, seedling dry weight, vigour index, relative

water content, water saturation deficit and water retention capacity.
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The third experiment was conducted to calculate the germination behavior of
primed seed (BARI Mung 6 and Binamoog 5) under drought (Polyethylene
Glycol) stress condition. For BARI Mung 6 and Binamoog 5, the highest
germination percentage 95.66% and 96.66%, germination index 79.7 and 80.07,
coefficient of velocity 22.54 and 22.37, energy of emergence 97.33% and
98.66%, shoot length 153.7 mm and 147.9 mm, root length 91.88 mm and 72.53
mm, seedling dry weight 92.19 mg and 88.71 mg, vigor index 236.5 and 215.5,
relative water content 90.12% and 88.62%, water retention capacity 20.80 and
19.78 were recorded at T8 and T7 treatment, respectively. The lowest mean
germination time (4.459 days) and (4.441 days), water saturation deficit 9.87%
and 11.38% in T8 and T7 treatment were observed for BARI Mung 6 and
Binamoog 5, respectively. From the third experiment, priming with 6% mannitol
solution with 9 hours priming for BARI Mung 6 and 4% mannitol with 6 hours
priming for Binamoog 5 expressed better results over non primed and water
primed for germination percentage, mean germination time, germination index,
coefficient velocity, energy of emergence, shoot length, root length, seedling dry
weight, vigour index, relative water content, water saturation deficit and water

retention capacity at drought stress condition.

From the above discussion, it may be concluded that primed seeds expressed the
expected results to alleviate drought stress in case all of the parameters studied.
In the conditions of drought stress, priming of seeds may be the effective way in
installation of field trial as well as suggested method for farmers to cope with the
changing environment. However, further studies with different field crops,
various types of priming agents, different concentrations and optimum time of

priming could be explored before drawing valid conclusions.

91



REFERENCES

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

Abdulrahmani, B., Ghassemi-Golezani, K., Valizadeh, M. and Feizi-Asl, V.
(2007). Seed priming and seedling establishment of barley (Hordeum
vulgare L.). J. Food. Agric. Environ. 5: 179-84.

Abnavi, M.S. and Ghobadi, M. (2012). The effects of source of priming and post-
priming storage duration on seed germination and seedling growth
characteristics in wheat (Triticum aestivem L.). J. Agril. Sci. 4(9): 256-
268.

Afzal, 1., Aslam, N., Mahood, F., Hussain, A. and Irfan, S. (2004). Enhancement
of germination and emergence of canola seeds by different priming
techniques. Caderno de Pesquisa Serie Biologia. 16: 19-33.

Afzal, 1. (2005). Seed enhancements to induced salt tolerance in wheat (Triticum
aestivum L.), Ph.D. Thesis, Agricultural University of Faisalabad,
Pakistan.

Afzal, I.S., Basra, M. A. and Igbal, A. (2005). The effects of seed soaking with
plant growth regulators on seedling vigour of wheat under salinity stress.
J. Stress Physiol. Biochem. 1: 6-14.

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

Afzal, 1., Basra, S.M.A. and Ahmad, N. (2011a). Hormonal priming induces salt
tolerance in wheat through enhanced antioxidant defence system. Cereal
Res. Comm. 39: 334-342.

Afzal, 1., Ashraf, S., Qasim, M., Basra, S.M.A., Shahid, M. and Hussain, B.
(2011b). Mannitol priming induces biochemical changes and enhances
germination capacity and seedling vigor in marigold (Tagetes spp.). Acta
Hort. 8: 25-30.

Ahammad, K.U., Rahman, M.M. and Ali, M.R. (2014). Effect of hydropriming
method on maize (Zea mays L.) seedling emergence. Bangladesh J. Agril.
Res. 39(1): 143-150.

92



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

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

Amjad, H., Shafqat, F., Nayyer, I. and Rubina, A. (2004). Influence of exogenous
application of hydrogen peroxide on root and seedling growth of wheat.
Inter. J. Agric. Biol. 6(2): 366-369.

Anjum, F., Yaseen, M., Rasul, E., Wahid, A. and Anjum, S. (2003). Water stress
in barley (Hordeum vulgare L.). I. Effect on morphological characters.
Pak. J. Agril. Sci. 40: 43-44,

AOSA. (1983). Seed Vigor Testing Handbook. Contribution No. 32 to the
handbook on Seed Testing.

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

Asaduzzaman, M. (2014). Mannitol induced seed priming enhances salt
tolerance capability in mungbean (Vigna radiata) under salt stress. M.S.
thesis, Sher-e-Bangla Agricultural University, Sher-e-Bangla Nagar,
Dhaka, Bangladesh.

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. Deutscher Tropentag, University of Bonn and
ATSAF, Magrraf Publishers Press, Weickersheim. p. 282.

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

Ashraf, M. and Rauf, 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(4): 407-414.

Ashraf, M. and Foolad, 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.

93



Assefa, M.K. (2008). Effect of seed priming on storability, seed yield and quality
of soybean (Glycine max L. Merill). M.S thesis, University of
Agricultural Sciences, Dharwad, India.

Assefa, M. K. and Hunje, R. (2011). Standardization of seed priming duration in
soybean (Glycine max L. Merill). Seed Res. 39: 1-4.

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

Baghizadeh, A. and Hajmohammadrezaei, M. (2011). Effect of Drought stress
and its interaction with soluble sugar and Salicylic acid on Okra
(Hibisicus Esculentus .L) germination and seedling growth. J. Stress
Biochem. 1: 55 — 65.

Baque, M. A., Karim, M.A. and Hamia, A. (2002). Role of potassium on water
relation behavior of Triticum astivum L. under water stress conditions.
Prog. Agric. 13(1&2): 71-75.

Baque, M. A., Nahar, M., Yeasmin, M., Quamruzzaman, M., Rahman, A., Azad,
M. J. and Biswas, P. K. (2016). Germination behavior of wheat (Triticum
aestivum L.) as influenced by polyethylene glycol (PEG). Universal J.
Agril. Res. 4(3): 86-91.

BARI. (2008). Mungbean cultivation in Bangladesh. Joydebpur, Gazipur. 63.

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. 64: 37-41.

Basra, S. M. A., Ullah, E. E., Warriach, A., Cheema, M. A. and Afzal, 1. (2003).
Effect of storage on growth and yield of primed canola seeds (Brassica
napus). Inter. J. Agril. Biol. 5: 117-120.

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

Basra, S. M. A., Faroog, M., Wahid, A. and Khan, M. B. (2006). Rice seed
invigoration by hormonal and vitamin priming. Seed Sci. Technol. 34:
775-780.

BBS. (2017a). Yearbook of Agricultural Statistics, Statistics and Informatics
Division, Ministry of Planning, Government of the People’s Republic of
Bangladesh, Dhaka.

94



BBS. (2017b). Statistical year book of Bangladesh. Statistics Division. Ministry
of Planning, Government of the Peoples Republic of Bangladesh, Dhaka.

Biederbeck, V.O., Zentner, R.P. and Campbell, C.A. (2005). Soil microbial
populations and activities as influenced by legume green fallow in a
semiarid climate. Soil Biol. Biochem. 37: 1775-1784.

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.

Bose, B. and Mishra, T. (1992). Response of wheat seed to pre-sowing seed
treatments with Mg (NO3). Ann. Agril. Res. 13: 132-136.

Botinestean, C., Hadaruga, N.G., Hadaruga, D.I. and Jianu, I. (2012). Fatty acids
composition by gas chromatography—mass spectrometry (GC-MS) and
most important physical-chemicals parameters of tomato seed oil. J.
Agroaliment. Process. Technol. 18: 89-94.

Bradford, K. J. (1986). Manipulation of seed water relations via osmotic priming
to improve germination under stress conditions. Hort Sci. 21(5): 1105-
1112.

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

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

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

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

Cavusoglu, K. and Kabar, K. (2010). Effects of hydrogen peroxide on the
germination and early seedling growth of barley under NaCl and high
temperature stresses. EurAsia J. Biol. Sci. 4(9): 70-79.

Conrath, U., Thulke, O. and Katz, V. (2002). Priming as a mechanism in induced
systemic resistance of plants. Eur. J. Plant Pathol. 107: 113-119.

95



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

Daniel, J.C., Jeanne, M.F. and Terrill, A.N. (2009). Mechanism of seed priming
in circum-venting thermo dormancy in lettuce. Plant Physiol. 75: 290-
294,

Darwin, C. (1855a). Does sea water kill seeds? Gardeners’ Chron. Agric. Gaz.
242: 356-357.

Darwin, C. (1855b). Effect of salt-water on the germination of seeds. Gardeners’
Chron. Agric. Gaz. 47: 773.

Dastanpoor, N., Fahimi, H., Shariati, M., Davazdahemami, S. and Hashemi,
S.M.M. (2013). Effects of hydropriming on seed germination and
seedling growth in sage (Salvia officinalis L.). Afr. J. Biotechnol. 12(11):
1223-1228.

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

Demir, I. and Ermis, S. (2003). Effect of controlled hydration treatment on
germination and seedling growth under salt stress during development in
tomato seeds. European J. Hort. Sci. 68: 53-58.

Dezfuli, P.M., Sharif-zadeh, F. and Janmohammad, M. (2008). Influence of
priming techniques on seed germination behaviour of maize inbred lines
(Zea mays L.). ARPN J. Agril. Biol. Sci. 3(3): 22-25.

Elangbam, M., Rai, P.K., Lal, G.M., Singh, S. and Vishwas, S. (2017). Effect of
growth regulators on germination and vigour of Chickpea (Cicer
arietinum L.) seed. J. Pharmacogn. Phytochem. 6(4): 31-34.

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

Ellis, R.A. and Roberts, E.H. (1981). The quantification of ageing and survival
in orthodox seeds. Seed Sci. Technol. 9: 373-409.

Eskandari, H. (2011). Response of Sesame (Sesamum indicum) Cultivars to
Hydropriming of Seeds. J. Appl. Environ. Biol. Sci. 1(12): 638-642.

Evanari, M. (1984). Seed Physiology: Its History from antiquity to the beginning
of the 20th century. Bot. Rev. 50: 119-142.

96



Faijunnahar, M., Baque, A., Habib, M. A. and Hossain, H. M. M. T. (2017).
Polyethylene Glycol (PEG) Induced Changes in Germination, Seedling
Growth and Water Relation Behavior of Wheat (Triticum aestivum L.)
Genotypes. Universal J. Plant Sci. 5(4): 49-57.

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

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

Farnia, A. and Shafie, M. (2015). Effect of bio-priming on yield and yield
components of maize (Zea mays L.) under drought stress. Bull.
Env.Pharmacol. Life Sci. 4 (4): 68-74.

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

Faroog, M., Aziz, T., Basra, S. M. A., Cheema, M. A. and Rehman, H. (2008).
Chilling Tolerance in Hybrid Maize Induced by Seed Priming with
Salicylic Acid. J. Agron. Crop Sci. 194(2): 161-168.

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 Crop Res. 90:
361-374.

Flower, T. J., Salma, F. M. and Yeo, A. R. (1998). Water use efficiency in rice
in relation to plant. Plant Cell Environ. 11: 453-459.

Foti, R., Abureni, K., Tigere, A., Gotosa, J. and Gere, J. (2008). The efficacy of
different seed priming osmotica on the establishment of maize (Zea mays
L.) caryopses. J. Arid Environ. 72: 1127-1130.

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. Technol. 30: 521-533.

Ghassemi-Golezani, K., Aliloo, A. A., Valizadeh, M. and Moghaddam, M.
(2008a). Effects of different priming techniques on seed invigoration and
seedling establishment of lentil. J. Food. Agric. & Environ. 6: 222-226.

97



Ghassemi-Golezani, K., Sheikhzadeh-Mosaddegh, and Valizadeh, M. (2008b).
Effects of hydropriming duration and limited irrigation on filed
performance of chickpea. Res. J. Seed Sci. 1(1): 34-40.

Ghassemi-Golezani, K., Aliloo, A. A., Valizadeh, M. and Moghaddam, M.
(2008c) Effects of hydro and osmo-priming on seed germination and field
emergence of lentil (Lens culinaris Medik.). Nat. Bot. Hort. Agrobot.
Cluj. 36(1): 29-33.

Ghassemi-Golezani, K., Chadordooz-Jeddi, A., Nasrollahzadeh, S. and
Moghaddam, M. (2010a). Effects of hydro-priming duration on seedling
vigour and grain yield of pinto bean (Phaseolus vulgaris L.) cultivars.
Nat. Bot. Hort. Agrobot. Cluj-Napoca. 38(1): 109-113.

Ghassemi-Golezani, K, Jabbarpour, S., Zehtab-Salmasi, S. and Mohammadi, A.
(2010b). Response of winter rapeseed (Brassica napus L.) cultivars to salt
priming of seeds. Afr. J. Agril. Res. 5(10): 1089-1094.

Ghassemi-Golezani, K., Chadordooz-Jeddi, A., Nasrullahzadeh, S. and
Mohammad, M. (2010c). Influence of hydro-priming duration on field
performance of pinto bean (Phaseolus vulgaris L.) cultivars. Afr. J. Agril.
Res. 5(9): 893-897.

Ghiyasi, M. and Tajbakhsh, M. (2013). Osmopriming alleviates drought stress
in soybean (Glycine max L.) seeds during germination and early growth
stages. J. Appl. Biol. Sci. 7(1): 27-32.

Ghiyasi, M., Tajbakhsh, M., Amirnia, R. and Salehzadeh, H. (2008). Effect of
osmopriming with polyethylene glycol (8000) on germination and
seedling grwth of wheat (Triticum aestivum L.) seed under salt stess. Res.
J. Biol. Sci. 3(10): 1249-1251.

Gholami, A., Shahsavani, S. and Nezarat, S. (2009). The effect of plant growth
promoting rhizobacteria (PGPR) on germination, seedling growth and
yield of maize. World Aca. Sci. Engineer. Technol. 25: 19-24.

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.

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

98



Gonz_alez-Zertuche, L., V_azquez-Yanes, C., Gamboa, A., S_anchez-
Coronado, M.E., Aguilera, P. and Orozco-Segovia, A. (2001). Natural
priming of Wigandia urens seeds during burial: effects on germination,
growth and protein expression. Seed Sci. Res. 11: 27-34.

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

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

Gupta, V. and Singh, M. (2012). Effect of seed priming and fungicide treatment
on chickpea (Cicer arietinum) sown at different sowing depths in kandi
belt of low altitude sub-tropical zone of Jammu. Applied Biol. Res. 14:
187-92.

Haigh, A.M. (1988). Why do tomato seeds prime? Physiological investigations
into the control of tomato seed germination and priming. PhD thesis,
Macquarie University, Sydney, Australia.

Hamidreza, K., Earl, H., Sabzevari, S., Yanegh, J. and Bannayan, M. (2013).
Effects of osmo-hydropriming and drought stress on seedgermination and
seedling growth of rye (Secale montanum). Pro. Environ. 6: 496-507.

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

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

Harris, D., Pathan, A.K., Gothkar, P., Joshi, A., Chivasa, W. and Nyamudeza, P.
(2001). Onf-arm seed priming using participatory methods to revive and
refine a key technology. Agril. Systems. 69:151-164.

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

Hassanpouraghdam, M. B., Emarat, P. J. and Farsad, A. N. (2009). The effect of
osmo-priming on germination and seedling growth of Brassica napus L.
under salinity conditions. J. Food Agric. Environ. 7(2): 620-622.

99



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.

Hosseein, A., Farahani and Karsa, M. (2011). Effect of hydro-priming on
seedling vigour in Basil (Ocimum basilicum L.) under salinity conditions.
Adv. Environ. Biol. 5(5): 828-833.

Hsu, S. Y. and Kao, C. H. (2003). Differential effect of sorbitol and polyethylene
glycol and antioxidant enzymes in rice leaves. Plant Growth Regul. 39:
83-90.

Imran, Khan, A.A., Inam, I. and Ahmad, F. (2016). Yield and yield attributes of
Mungbean (Vigna radiata L.) cultivars as affected by phosphorous levels
under different tillage systems. Cogent Food & Agric. 2: 1151982,

Igbal, M., Ashraf, M., Jamil, A. and Rehmaan, S. (2006). Does seed priming
induce changes in the level of some endogenous plant hormones in
hexaploid wheat plant under salt stress? J. Inter. Plant Biol. 48: 181-189.

Igbal, M. and Ashraf, M. (2007). Seed treatment with auxins modulates growth
and ion partitioning in salt — stressed wheat plants. J. Integr. Plant Biol.
49: 1003-1015.

ISTA. (2003). International Seed Testing Association, ISTA Handbook on
Seedling Evaluation, 3rd.

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

Jisha, K. C., Vijayakumari, K. and Puthur, J. T. (2013). Seed priming for abiotic
stress tolerance: an overview. Acta. Physiol. Plant. 35(5): 1381-1396.

Jyotsna, V. and Srivastva, A. K. (1998). Physiological basis of salt stress
resistance in pigeon pea (Cajanus cajan L.)-11. Pre-sowing seed soaking
treatment in regulating early seeding metabolism during seed
germination. Plant Physiol Biochem. 25: 89-94.

Kader, M.A. (2005). Comparison of seed germination calculation formulae and
the associated interpretation of resulting data. J. Proc. Roy. Soc. 138: 65—
75.

100



Kadiri, M. and Hussaini, M. A. (1999). Effect of hardening pre-treatment on
vegetative growth, enzyme activities and vyield of Pennisetum
americanum and Sorghum bicolour L. Global J. Pure Appl. Sci. 5: 179-
183.

Kant, S., Pahuja, S. S. & Pannu, R. K. (2006). Effect of seed priming on growth
and phenology of wheat under late sown conditions. Tropical Sci. 44: 9—
15.

Kathiresan, K., Kalyani, V. and Ganarethinam, 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.

Kaur, S., Cupta, A.K. and Kaur, N. (2002). Effect of osmo and hydropriming of
chickpea seeds on the performance of crop in the field. Inti. Chickpea
Pigeonpea Newsl. 9: 15-17.

Kaur, S., Gupta, A.K. and Kaur, N. (2003). Priming of chickpea seeds with water
and mannitol the effect of salt stress on seedling growth. Intl. Chickpea
Pigeonpea Newsl. 10: 18-20.

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. Crop Sci.191: 81-87.

Kaya M.D., Okgub, G., Ataka, M., Cikilic, Y. and Kolsaricia, O. (2006). Seed
treatments to overcome salt and drought stress during germination in
sunflower (Helianthus annuus L.). Eur. J. Agron. 24: 291-295.

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.A., Peck, N.H. and Samimy, C. (1980). Seed osmotic conditioning:
physiology and biochemical changes. Israel J. Bot. 29: 133-144.

Khan, A. A. (1992). Pre-plant physiological seed conditioning. In:
Horticultural Reviews. J. Janick, (ed). John Wiley and Sons. New York.
pp. 131-81.

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

101



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

Korkrmaz, A. and Pill, W.G. (2003). The effect of different priming treatments
and storage conditions on germination performance of lettuce seeds.
Europ. J. Hort. Sci. 68(6): 260-265.

Korkmaz, A. (2005). Inclusion of acetyl salicylic acid and methyl jasmonate into
the priming solution improves low-temperature germination and
emergence of sweet pepper. Hort. Sci. 40(1): 197-200.

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

Kumar, A., Gangwar, J. S., Prasad, S. C. and Harris, D. (2002). On-farm seed
priming increases yield of direct-sown finger millet in India. Intl.
Sorghum Millets News. 43: 90-92.

Kumar, P. M., Chaurasia, A.K. & Michael Bara, B.M. (2017). Effect of osmo-
priming on seed germination behaviour and vigour of chickpea (Cicer
arietinum L.). Inter. J. Sci. Nat. 8(2): 330-335.

Laghari, G.M., Laghari, M.R. Soomro, A.A., Leghari, S.J., Solangi, M. and
Soomro, A. (2016). Response of mungbean to different hydro-priming
periods and temperature regimes. Sci. Inter. 28(2): 1269-1273.

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

Lemrasky, M.G. and Hosseini, S.Z. (2012). Effect of seed priming on the
germination behavior of wheat. Inter. J. Agric. Crop Sci. 4(9): 564-567.

Levitt, J. (1980). Responses of plant to environmental stresses. 2nd. Ed.
Academic press. New York.

Lin, Y, Burg, V.D.W.J., Aartse, J.W., Zwol, V.R.A., Jalink. H. and Bino, R.J.
(1993). X-ray studies on changes in embryo and endosperm morphology
during priming and inhibition of tomato seeds. Seed Sci. Res. 3: 171-178.

Liptay, A. and Zariffa, N. (1993). Testing the morphological aspects of
polyethylene glycol-primed tomato seeds with proportional odds analysis.
Hort. Sci. 28: 881-883.

102



Mahajan, G., Sarlach, R.S., Japinder, S. and Gill, M.S. (2011). Seed priming
effects on germination, growth and yield of dry direct-seeded rice. J. Crop
Improvement. 25: 409-417.

Maiti, R., Rajkumar, D., Jagan, M. and Pramanik, K. (2013). Effect of seed
priming on seedling vigour and yield of tomato and chilli. Inter. J. Bio-
res. Stress Manag. 4(2): 119-125.

McDonald, M. B. (1999). Seed deterioration: Physiology, repair and assessment.
Seed Sci. Technol. 27: 177-237.

McDonald, M. B. (2000). Seed priming. In: Seed technology and its biological
basis. M. Black, and J.D. Bewley, (ed.). Sheffield Academic Press,
Sheffield, England. pp. 287-325.

Moghanibashi, M., Karimmojeni, H., Nikneshan, P. and Behrozi, D. (2012).
Effect of hydropriming on seed germination indices of sunflower
(Helianthus annuus L.) under salt and drought conditions. Plant
Knowledge J. 1(1): 10-15.

Moradi, A., Zadeh, F.S., Afshari, R.T. and Amiri, R.M. (2012). The effects of
priming and drought stress treatments on some physiological
characteristics of tall wheat grass (Agropyron elangatum) seeds. Inter. J.
Agril. Crop Sci. 4(10): 596-603.

Mubarak, A.E. (2005). Nutritional composition and antinutritional factors of
mungbean seeds (Phaseolus aureus) as affected by some home traditional
processes. Food Chem. 89: 489-495.

Murray, G.A. (1989). Osmo-conditioning carrot seed for improved emergence.
Hort. Sci. 24: 701.

Musa, A.M., Johansen C., Kumar, J. & Harris, D. (1999). Response of chickpea
to seed priming in the High Barind Tract of Bangladesh. Intl. Chickpea
Pigeonpea Newsl. 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. Technol. 31: 199-206.

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

103



Nascimento, W.M. and West, S.H. (1998). Priming and Seed Orientation affect
emergence and seed coat adherence and seedling development of
muskmelon transplants. Hort. Sci. 33: 847-848.

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

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

Nematollahi, E., Bannayan, M., Souhani, D. A. and Ghanbari, A. (2009). Hydro-
priming and osmo-priming effects on (Cuminum cyminum L.) seed
germination. World Acad. Sci. Eng. Technol. 57: 526-29.

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):
325-3209.

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. Agril. Res. 9(1): 262-270.

Nyarko, G., Alderson, P. G. and Craigon, J. (2006). Towards cabbage seed
production in the tropics. Ghana J. Hort. 5: 120-124

Okonwo, J.C. and Vanderlip, R.L. (1985). Effect of cultural treatment on quality
and subsequent performance of pearl millet seed. Field Crop 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., Cornineau, F., Groot, S.P.C., Bino, R.J. and Come, D. (1999).
Activation of the cell cycle in tomato (Lycopersicon esculentum Mill.)
seeds during osmoconditioning as related to temperature and oxygen.
Ann. Bot. 84(2): 245-251.

Parera, C. A. and Cantliffe, D. J. (1994). Pre-sowing seed priming. Hort. Review.
16: 94-101.

104



Parmoon, G., Ebadi, A., Johanbakhsh, S. and Davari, M. (2013). The effect of
seed priming and accelerated aging on germination and physiochemical
changes in milk thistle (Silybum marianum). Nat. Sci. Biol. 5: 204-211.

Pavlousek, P. (2011). Evaluation of drught tolerance of new grapevine rootstock
hybrids. J. Environ. Biol. 32: 543-549.

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

Posmyk, M.M. and Janas, K.M. (2007). Effects of seed hydropriming in presence
of exogenous proline on chilling injury limitation in Vigna radiata L.
seedlings. Acta. Physiol. Plant. 29: 509-517.

Prasad, P. V. V., Pisipati, S. R., Momcilovic, I. and Ristic, Z. (2011).
Independent and combined effects of high temperature and drought stress
during grain filling on plant yield and chloroplast EF-Tu expression in
spring wheat. J. Agron. Crop Sci. 197: 430-441.

Rahman, M.A. (2014). Enhancement of drought tolerance in mungbean through
osmo and hydro priming. M.S. thesis, Sher-e-Bangla Agricultural
University, Sher-e-Bangla Nagar, Dhaka, Bangladesh.

Rahman, 1.U. Ali, S., Alam, M., Adnan, M., Ullah, H., Malik, M.F.A., Shah,
A.S. and Ibrahim, M. (2016). Effect of seed priming on germination
performance and yield of okra (Abelmoschus esculentus L.). Pak. J. Agril.
Res. 29(3): 123-127.

Rahimi, A. (2013). Seed priming improves the germination performance of
cumin (Cuminum syminum L.) under temperatures and water stress.
Industrial Crops Products. 42: 454-60.

Rajamanickam, C. and Anbu, S. (2001). Effect of bio-fertilizers and growth
regulators on seed germination and seedling vigor in amla. Madras Agril.
J. 88(4): 295-297.

Rajpar, I., Khanif, Y. M. and Memon, A. A. (2006). Effect of Seed Priming on
Growth and Yield of Wheat (Triticum aestivum L.) Under Non-Saline
Conditions. Inter. J. Agril. Res. 1: 259-64.

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

105



Rennick, G. A. and Tiernan, P. I. (1978). Some effects of osmopriming on
germination, growth and yield of celery (Apium graveolens). Seed Sci.
Technol. 6: 695-700.

Reddy, M. V. B., Arul, J., Angers, P. and Couture, L. (1999). Chitosan treatment
of wheat seeds induces resistance to Fusarium graminearum and
improves seed quality. J. Agril. Food Chem. 47: 67-72.

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. Inter. J. Agril. Sci. 1: 701-774.

Roy, N. K. and Srivastava, A. K. (1999). Effect of presoaking seed treatment on
germination and amylase activity of wheat (Triticum aestivum L.) under
salt stress conditions. Rachis. 18: 46-51.

Roy, N. K. and Srivastava, A. K. (2000). Adverse effect of salt stress conditions
on chlorophyll content in wheat (Triticum aestivum L.) leaves and its
amelioration through pre-soaking treatments. Indian J. Agril. Sci. 70:
777-778.

Rowse, H.R. (1995). Drum Priming- A non-osmotic method of priming seeds.
Seed Sci. Technol. 24: 281-294.

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. and Tylkowska, 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.

Sadeghi, H., Khazaei, F., Yari, L. and Sheidaei, S. (2011). Effect of seed
osmopriming on seed germination behavior and vigor of soybean
(Glycine max L.). J. Agric. Biol. Sci. 6(1): 39-43.

Sadeghian, S. Y. and Yavari, N. (2004). Effect of water-deficit stress on
germination and early seedling growth in sugar beet. J. Agron. Crop Sci.
190: 138-44.

Safiatou, S.S. (2012). Effect of different seed priming methods on germination,
seedling establishment and vigour in sorghum (Sorghum bicolor (L.)
Moench.) and bambara groundnut (Vigna subterrenea (L.) Verdc.). M.S.
thesis, Kwame Nkrumah University of Science and Technology, Kumasi,
Ashanti, Ghana.

106



Saglam S., Day, S., Kaya, G. and Giirbiiz, A. (2010). Hydropriming increases
germination of lentil (Lens culinaris Medik.) under water stress. Nat. Sci.
Biol. 2(2): 103-106.

Saha, R.R., Hamid, A. and Haq, M.M. (2006). Seasonal variation in seed quality
of two improved mungbean varieties. In: Improving Income and
Nutrition by Incoporating Mungbean in Cereal fallows in the Indo-
Gangetic Plains of South Asia. S. Shannmugasundarum, (ed). Proc. Final
Workshop and Planing Meeting. Punjab Agricultural University,
Ludhiana, India, 27-31 May, 2004. AVRDC-The World Vegetables
Centre. AVRDC Pub. No. 06-682. p. 35-43.

Sairam, R. K., Veerabhadra, R. K. and Srivastava, G. C. (2002). Differential
response of wheat genotypes to long term salinity stress in relation to
oxidative stress, antioxidant activity and osmolyte concentration. Plant
Sci. 163: 1037-1046.

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

Sangakkara, U.R., Harteing, U.A. and Nosberger, J. (1996). Response of root
brancing and shoot water potencials of freanch bean (Phasiolous vulgaris
L.) to soil moisture ans fertilizer potassium. J. Agron. Crop Sci. 177: 165-
173.

Santini, B.A. and Martorell, C. (2013). Does retained-seed priming drive the
evolution of serotiny in drylands? an assessment using the cactus
Mammillaria hernandezii. Am. J. Bot. 100: 365-373.

Sarika, G., Basavaraju, G. V., Bhanuprakash, K., Chaanakeshava, V., Paramesh,
R. and Radha, B. N. (2013). Investigation on seed viability and vigour of
aged seed by priming in French bean. Veg. Sci. 40: 169-173.

Sarvjeet, Vimal, S. C. and Kumar, P. (2017). Standardization of hydropriming
duration for enhance seed yield and its quality parameters in chickpea
(Cicer arietinum L.). Int. J. Curr. Microbiol. App. Sci. 6(9): 665-679.

Sarwar, N., Yousaf, S. and Jamil, F. (2006). Induction of salt tolerance in
chickpea by using simple and safe chemicals. Pak. J. Bot. 38(2): 325-329.

Scott, S. J., Jones, R. A. and Williams, W. J. (1984). Review of data analysis
methods for seed germination. Crop Sci. 24: 1192-1199.

107



Shah, H., Jalwat, T., Arif, M. & Miraj, G. (2012). Seed priming improves early
seedling growth and nutrient uptake in mungbean. J. Plant
Nutrition. 35(6): 805-816.

Shao H.B., Chu, L.Y., Shao, M.A., Jaleel, C.A. and Hong-Mei, M. (2008).
Higher plant antioxidants and redox signaling under environmental
stresses. Comp. Rend. Biol. 331: 433-441.

Shehzad, M., Ayub, M., Ahmad, A. H. U. and Yaseen, M. (2012). Influence of
priming techniques on emergence and seedling growth of forage sorghum
(Sorghum bicolor 1.). J. Ani. Plant Sci. 22: 154-58.

Singh, A., Dahiru, R., Musa, M. and Haliru, B. S. (2014). Effects of osmo-
priming duration on germination, emergence and early growth of cowpea
(Vigna unguiculata (L.) Walp.) in the Sudan savanna Nigeria. Inter. J.
Agron. 12: 25-30

Singh, B. G. (1995). Effect of hydration-dehydration seed treatments on vigor
and yield of sunflower. Indian J. Plant. Physiol. 38: 66-68.

Singh, H., Jassal, R.K., Kang, J.S., Sandhu, S.S., Kang, H. and Grewal, K.
(2015). Seed priming techniques in field crops - A review. Agril. Res.
Comm. Cent. 36(4): 251-264.

Singh, S., Lal, G.M., Bara, B.M. and Mishra, S.N. (2017). Effect of
hydropriming and osmopriming on seed vigour and germination of Pea
(Pisum sativum L.) seeds. J. Pharmacognosy and Phytochemistry. 6(3):
820-824.

Singh, V.P., Nath, S., Patra, S.S., Sahoo, S. and S. Rout, S. (2016). Effects of
hydropriming and different sowing dates on growth and yield attributes
of Lentil (Lens culinaris M.). Res. Environ. Life Sci. 9(12): 1461-1466.

Sivritepe, N., Sivritepe, H.O. and Eris, A. (2003). The effects of NaCl priming
on salt tolerance in melon seedlings grown under saline conditions.
Scientia Hort. 97(3-4): 229-237.

Specht, J.E., Chase, K., Macrander, M., Graef, G.L., Chung, J., Markwell, J.P.,
Germann, M., Orf, J.H. and Lark, K.G. (2001). Soybean response to
water. A QTL analysis of drought tolerance. Crop Sci. 41: 493-509.

Srivastava, A. K. and Bose, B. (2012). Effect of nitrate seed priming on
phenology, growth rate and yield attributes in rice (Oryza sativa L.).
Vegetos. 25: 174-181.

108



Stofella, P.J., Lipucci, D.P., Pardossi, A. and Tognoni, F. (1992). Seedling root
morphology and shoot growth after seed priming or pregermination of
bell pepper. Hortsci. 27: 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. R.J.M. and Chang, Y.H. (1993). Biochemical activities associated with
priming of sweet corn seeds to improve vigor. Seed Sci. Technol. 16: 527-
532.

Tachibana, N., Wanezaki, S., Nagata, M., Motoyama, T., Kohno, M. and
Kitagawa, S. (2013). Intake of mungbean protein isolate reduces plasma
triglyceride level in rats. Funct. Foods Health Dis. 3: 365-376.

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

Tavili A., Zare, S. Moosavi, S. A. and Enayati, A. (2011). Effects of seed priming
on germination characteristics of bromus species under salt and drought
conditions. American-Eurasian J. Agril. Environ. Sci. 10(2): 163-168.

Tajbakhsh, M., Brown, P.H., Gracie, A.J., Spurr, C.J. and Donovan, N. (2004).
Mitigation of stunted root abnormality in onion (Allium cepa L.) using
seed priming treatments. Seed Sci. Technol. 32(3): 686-692.

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

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

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

Vishwas, V., Chaurasia, A.K., Bara, B.M., Debnath, A., Parihar, N.N., Brunda,
K. and Saxena, R. (2017). Effect of priming on germination and seedling
establishment of chickpea (Cicer arietinum L.) seeds. J. Pharmacogn.
Phytochem. 6(4): 72-74.

109



Wang, H. Y., Chen, C. L. and Sung, J. M. (2003). Both warm water soaking and
solid priming treatments enhance antioxidation of bitter gourd seed
germination at sub-optimal temperature. Seed Sci. Technol. 31: 47-56.

Yagmur, M. and Kaydan, D. (2008). Alleviation of osmotic stress of water and
salt in germination and seedling growth of triticale with seed priming
treatments. Afr. 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., Aghaalikani, M. and Khazaeli, F. (2010). Effect of seed priming duration
and temperatureon seed germination behavior of bread wheat (Triticum
aestivum L.). ARPN J. Agril. Biol. Sci. 5(1): 1-6.

Yucel, D.O. (2012). The effect of different priming treatments and germination
temperatures on germination performance of lentil (Lens culinaris Medik)
seeds. ARPN J. Agril. Biol. Sci. 7(12): 122-125.

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, Y.G,, Yang, Y.D., Qi, Y. G.,, Zhang, Z. M., Wang, X. J. and Hu, X. J.
(2002). Effects of chitosan on some physiological activity in germinating
seed of peanut. J. Peanut Sci. 31: 22-25.

110



APPENDICES

Appendix I: Analysis of variance of different concentrations of mannitol

and water on germination percentage of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 495.226 99.045 8.624 0.0001
Error 24 275.645 11.485
Total 29 770.645
Binamoog 5
Treatment 5 611.806 122.361 8.694 0.0001
Error 24 337.796 14.075
Total 29 949.602

Appendix Il: Analysis of variance of different concentrations of mannitol

and water on mean germination time of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 0.066 0.013 4,061 0.0082
Error 24 0.078 0.003
Total 29 0.144
Binamoog 5
Treatment 5 0.029 0.006 2.060 0.0106
Error 24 0.068 0.003
Total 29

Appendix I11: Analysis of variance of different concentrations of mannitol
and water on germination index of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 968.098 193.620 46.078 0.0000
Error 24 100.847 4.202
Total 29 1068.945
Binamoog 5
Treatment 5 907.561 181.512 27.201 0.0000
Error 24 160.155 6.673
Total 29 1067.716
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Appendix 1V: Analysis of variance of different concentrations of mannitol
and water on coefficient of velocity of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 1.591 0.318 4,321 0.0060
Error 24 1.768 0.074
Total 29 3.359
Binamoog 5
Treatment 5 0.697 0.139 2.032 0.1101
Error 24 1.646 0.069
Total 29 2.342

Appendix V: Analysis of variance of different concentrations of mannitol
and water on energy of emergence of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 447.949 89.590 6.813 0.0004
Error 24 315.578 13.149
Total 29 763.527
Binamoog 5
Treatment 5 632.935 126.587 8.545 0.0001
Error 24 355.525 14.814
Total 29 988.459

Appendix VI: Analysis of variance of different concentrations of mannitol
and water on shoot length of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 4630.430 926.086 28.109 0.0000
Error 24 790.717 32.947
Total 29 5421.717
Binamoog 5
Treatment 5 4448.670 889.734 37.443 0.0000
Error 24 570.299 23.762
Total 29 5018.969
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Appendix VII: Analysis of variance of different concentrations of mannitol
and water on root length of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 3793.623 758.725 45.937 0.0000
Error 24 396.403 16.517
Total 29 4190.026
Binamoog 5
Treatment 5 2605.366 521.073 52.759 0.0000
Error 24 237.035 9.876
Total 29 2842.402

Appendix VIII: Analysis of variance of different concentrations of mannitol
and water on seedling dry weight of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 1276.922 255.384 182.119 | 0.0000
Error 24 33.655 1.402
Total 29 1310.577
Binamoog 5
Treatment 5 909.315 181.863 75.060 0.0000
Error 24 58.150 2.423
Total 29 967.465

Appendix 1X: Analysis of variance of different concentrations of mannitol
and water on vigour index of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 25249.184 5049.837 73.756 0.0000
Error 24 1643.212 68.467
Total 29 26892.396
Binamoog 5
Treatment 5 21533.458 | 4306.692 55.956 0.0000
Error 24 1847.175 76.966
Total 29 23380.633
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Appendix X: Analysis of variance of different concentrations of mannitol

and water on relative water content of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 711.918 142.384 209.102 | 0.0000
Error 24 16.342 0.681
Total 29 728.260
Binamoog 5
Treatment 5 625.037 125.007 158.122 | 0.0005
Error 24 18.974 0.791
Total 29 644.011

Appendix XI: Analysis of variance of different concentrations of mannitol

and water on water saturation deficit of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 711.918 142.384 209.102 | 0.0000
Error 24 16.342 0.681
Total 29 728.260
Binamoog 5
Treatment 5 625.037 125.007 158.122 | 0.0005
Error 24 18.974 0.791
Total 29 644.011

Appendix XI1: Analysis of variance of different concentrations of mannitol
and water on water retention capacity of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 5 56.433 11.287 5.755 0.0000
Error 24 47.067 1.961
Total 29 103.500
Binamoog 5
Treatment 5 46.283 9.257 8.958 0.0000
Error 24 24.799 1.033
Total 29 71.083
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Appendix XIII: Analysis of variance of different priming (mannitol and
water) time on germination percentage of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 890.600 89.060 6.534 0.0000
Error 44 599.710 13.630
Total 54 1490.311
Binamoog 5
Treatment 10 1168.951 116.895 8.037 0.0000
Error 44 639.974 14.545
Total 54 1808.925

Appendix XIV: Analysis of variance of different priming (mannitol and
water) time on mean germination time of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 0.110 0.011 3.822 0.0009
Error 44 0.126 0.003
Total 54 0.236
Binamoog 5
Treatment 10 0.084 0.008 2.288 0.0292
Error 44 0.162 0.004
Total 54 0.246

Appendix XV: Analysis of variance of different priming (mannitol and

water) time on germination index of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 1572.271 157.227 47.078 0.0000
Error 44 146.948 3.340
Total 54 1719.219
Binamoog 5
Treatment 10 1781.323 178.132 39.661 0.0000
Error 44 197.618 4.491
Total 54 1978.941
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Appendix XVI: Analysis of variance of different priming (mannitol and
water) time on coefficient of velocity of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 2.568 0.257 3.685 0.0012
Error 44 3.066 0.070
Total 54 5.633
Binamoog 5
Treatment 10 2.005 0.200 2.352 0.0252
Error 44 3.751 0.085
Total 54 5.756

Appendix XVII: Analysis of variance of different priming (mannitol and
water) time on energy of emergence of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 764.873 76.487 6.363 0.0000
Error 44 528.925 12.021
Total 54 1293.798
Binamoog 5
Treatment 10 1024.084 102.408 8.972 0.0000
Error 44 502.231 11.414
Total 54 1526.315

Appendix XVIII: Analysis of variance of different priming (mannitol and
water) time on shoot length of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 6267.802 626.780 21.145 0.0000
Error 44 1304.251 29.642
Total 54 7572.052
Binamoog 5
Treatment 10 4872.870 487.287 54.167 0.0000
Error 44 395.826 8.996
Total 54 5268.697
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Appendix XIX: Analysis of variance of different priming (mannitol and
water) time root length of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 5523.149 552.315 52.657 0.0000
Error 44 461.515 10.489
Total 54 5984.664
Binamoog 5
Treatment 10 2337.825 233.783 31.254 | 0.0000
Error 44 329.127 7.480
Total 54 2666.953

Appendix XX: Analysis of variance of different priming (mannitol and
water) time seedling dry weight of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 2928.329 292.833 59.917 0.0000
Error 44 215.043 4,887
Total 54 3143.371
Binamoog 5
Treatment 10 3408.470 340.847 506.217 | 0.0000
Error 44 29.626 0.673
Total 54 3438.096

Appendix XXI: Analysis of variance of different priming (mannitol and
water) time on vigour index of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 35885.737 3588.574 53.750 0.0000
Error 44 2937.623 66.764
Total 54 38823.356
Binamoog 5
Treatment 10 27298.533 2729.853 38.228 0.0000
Error 44 3142.031 71.410
Total 54 30440.564
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Appendix XXII: Analysis of variance of different priming (mannitol and

water) time on relative water content of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 809.616 80.962 85.819 0.0000
Error 44 41.509 0.943
Total 54 851.125
Binamoog 5
Treatment 10 594.339 59.434 82.838 0.0000
Error 44 31.569 0.717
Total 54 625.908

Appendix XXIII: Analysis of variance of different priming (mannitol and
water) time on water saturation deficit of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 809.616 80.962 85.819 0.0000
Error 44 41.509 0.943
Total 54 851.125
Binamoog 5
Treatment 10 594.339 59.434 82.838 0.0000
Error 44 31.569 0.717
Total 54 625.908

Appendix XXIV: Analysis of variance of different priming (mannitol and
water) time on water retention capacity of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 10 80.423 8.042 40.334 0.0000
Error 44 8.773 0.199
Total 54 89.197
Binamoog 5
Treatment 10 78.627 7.863 19.016 0.0000
Error 44 18.193 0.413
Total 54 96.820
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Appendix XXV: Analysis of variance of different drought levels on
germination percentage of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 17440.003 | 1245.715 | 142.553 | 0.0000
Error 60 524.316 8.739
Total 74 17964.319
Binamoog 5
Treatment 14 19353.390 | 1382.385 | 222.058 | 0.0000
Error 60 373.520 6.225
Total 74 19726.911

Appendix XXVI: Analysis of variance of different drought levels on mean
germination time of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 3.000 0.214 57.237 0.0000
Error 60 0.225 0.004
Total 74 3.225
Binamoog 5
Treatment 14 1.207 0.086 39.578 0.000
Error 60 0.131 0.002
Total 74 1.388

Appendix XXVII: Analysis of variance of different drought levels on
germination index of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 23676.060 1691.147 | 569.283 | 0.0000
Error 60 178.240 2.971
Total 74 23854.300
Binamoog 5
Treatment 14 19642.151 1403.011 683.628 | 0.0000
Error 60 123.138 2.052
Total 74 19765.289
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Appendix XXVIII: Analysis of variance of different drought levels on
coefficient of velocity of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 58.956 4.211 54,902 0.0000
Error 60 4.602 0.077
Total 74 63.558
Binamoog 5
Treatment 14 24.865 1.776 43.882 0.0000
Error 60 2.428 0.040
Total 74 27.294

Appendix XXIX: Analysis of variance of different drought levels on energy
of emergence of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 15107.544 1079.110 126.670 | 0.0000
Error 60 511.143 8.519
Total 74 15618.687
Binamoog 5
Treatment 14 17267.700 1233.407 138.938 | 0.0000
Error 60 532.644 8.877
Total 74 17800.343

Appendix XXX: Analysis of variance of different drought levels on shoot
length of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 88289.749 | 6306.411 | 645.899 | 0.0000
Error 60 585.827 9.764
Total 74 88875.575
Binamoog 5
Treatment 14 86569.565 | 6183.540 | 728.098 | 0.0000
Error 60 509.564 8.493
Total 74 87079.129
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Appendix XXXI: Analysis of variance of different drought levels on root
length of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 35720.559 | 2551.469 | 589.842 | 0.0000
Error 60 259.541 4.326
Total 74 35980.100
Binamoog 5
Treatment 14 20217.810 | 1444.129 | 426.560 | 0.0000
Error 60 203.132 3.386
Total 74 20420.941

Appendix XXXII: Analysis of variance of different drought levels on
seedling dry weight of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 25576.502 1826.893 422.027 | 0.0000
Error 60 259.732 4,329
Total 74 25836.233
Binamoog 5
Treatment 14 21462.042 1533.003 615.707 | 0.0000
Error 60 149.389 2.490
Total 74 21611.432

Appendix XXXIII: Analysis of variance of different drought levels on
vigour index of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 287286.657 | 20520.476 | 649.464 | 0.0000
Error 60 1895.761 31.596
Total 74 289182.418
Binamoog 5
Treatment 14 232324.714 | 16594.622 | 704.758 | 0.0000
Error 60 1412.793 23.547
Total 74 133737.508
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Appendix XXXIV: Analysis of variance of different drought levels on
relative water content of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 5461.392 390.099 451.058 | 0.0000
Error 60 51.891 0.865
Total 74 5513.283
Binamoog 5
Treatment 14 6167.559 440.540 |5244.358 | 0.0000
Error 60 5.040 0.084
Total 74 6172.599

Appendix XXXV: Analysis of variance of different drought levels on water
saturation deficit of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 5461.392 390.099 451.057 | 0.0000
Error 60 51.891 0.865
Total 74 5513.283
Binamoog 5
Treatment 14 6167.559 440.540 5244.359 | 0.0000
Error 60 5.040 0.084
Total 74 6172.599

Appendix XXXV I: Analysis of variance of different drought levels on water
retention capacity of mungbean

SV df SS MS F value Prob.
BARI Mung 6
Treatment 14 173.694 12.407 516.100 0.000
Error 60 1.442 0.024
Total 74 175.136
Binamoog 5
Treatment 14 143.957 10.283 184.740 | 0.0000
Error 60 3.340 0.056
Total 74 147.297
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PLATES

Plate 1: Effect of different concentration of priming solution on germination
behavior of BARI Mung 6

Plate 2: Effect of different concentration of priming solution on germination
behavior of Binamoo-5
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Plate 3: Effect of different priming time (water and mannitol primed) on
germination behavior of BARI Mung 6.

Plate 3: Effect of different priming time (water and mannitol primed) on
germination behavior Binamoog 5.
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Plate 5: Effect of different drought levels on (A) control, (B) water primed
and (C) 6% mannitol primed seeds of BARI Mung 6.

Plate 5: Effect of different drought levels on (A) control, (B) water primed
and (C) 4% mannitol primed seeds of Binamoog 5.
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