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INDUCTION OF SALT TOLERANCE IN WHEAT (Triticum aestivum L.)
THROUGH HYDROGEN PEROXIDE (H,0,) PRIMING

Abstract

An experiment was conducted at the Laboratory of Department of Agronomy, Sher-e-
Bangla Agricultural University (SAU), Sher-e-Bangla Nagar, Dhaka-1207 during the
period from October 2016 to December 2016. Three different experiments were
conducted in a Completely Randomized Design (CRD) with five replications. Three
wheat genotypes namely- ESWYT 5, ESWYT 6, and BARI Gom 28 were used as test
crop and different priming chemicals such as of H,O, and distilled water were utilized for
chemical and hydro priming and NaCl was used to induce salt stress. The data on
germination parameters of wheat like germination percentage and growth parameters like
root length, shoot length, dry weight and vigor index were reviewed. 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 1% level of
probability. The first experiment was carried out to find out the effect of different
concentrations of H,O, on germination and growth behavior of three wheat genotypes
(ESWYT 5, ESWYT 6 and BARI Gom 28) without any stress condition. It was found
that ESWYT 5 showed the highest rate of germination (93.40%), shoot length (162.40
mm), root length (146.20 mm), shoot dry weight (0.04220g), root dry weight (0.03480g),
relative water content (93.08%), water retention capacity (20.80), coefficient of velocity
of germination (17.66) and vigor index (253.90) when the seeds were primed with
different concentrations Oml, 2ml, 4ml, 6ml ,8ml and 10 ml of H,O, per 1000ml H,O
solution in 24 hours. The second experiment was carried out to optimize the priming time
on the germination and growth behavior of wheat genotypes. It was found that ESWYT 5
primed with 2ml H,0O, for 9 hours gave the highest germination rate (94.20%), shoot
length (169.30 mm), root length (146.0 mm), shoot dry weight (0.04340g), root dry
weight (0.03820g), relative water content (91.14%), water retention capacity (17.76),
coefficient of velocity of germination (18.08) and vigor index (303.1). In the third
experiment germination and growth behavior of primed seeds of wheat genotypes
(ESWYT 5, ESWYT 6 and BARI Gom 28) under 5 different salt (NaCl) concentrations
(0, 5, 10, 15, 20 dSm™) were evaluated. It was observed that highest germination rate
(93.60%), shoot length (151.70 mm), root length (127.5 mm), shoot dry weight
(0.04480q), root dry weight (0.035809), relative water content (92.92%), water retention
capacity (15.57), coefficient of velocity of germination (17.52) and vigor index (264.1)
were obtained from ESWYT 5 when the primed seeds are placed without salt. But under
salinity stress, the highest germination rate (91.80%), shoot length (143.0 mm), root
length (118.10 mm), shoot dry weight (0.04140g) and root dry weight (0.03220g),
relative water content (86.50%), water retention capacity (14.18), coefficient of velocity
of germination (17.27) and vigor index (239.80) were achieved from ESWYT 5 under
primed seeds placed with 5 dSm™.There were a slow reduction observed with the
increasing of salt concentration from 0 to 20 dSm™.The result of the study suggest that
exogenous H,0, application effectively alleviated the adverse effect of salt stress.
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CHAPTER 1
INTRODUCTION

Wheat (Triticum aestivum L.) is an important cereal crop and ranks first globally and
third in Bangladesh both in terms of production and acreage (FAO, 2014). It is a staple
food crop for more than one third of the world population (Shirazi et al., 2001). By 2050
the world population will be about 9.10 billion, which will be 34% higher from today and
we need to feed another 2.30 billion people with limited resources. Food production must
need to be increased about 70% and to meet this huge demand cereal production will
need to increase about 3 billion metric tons from 2.10 billion metric tons today. But in a
dilemma, the world agriculture in 21% century faces versatile challenges (SRDI, 2010).
Wheat is a grass widely cultivated for its seed, a cereal grain which is a worldwide staple
food (Shewry, 2009). There are many species of wheat which together make up the
genus Triticum; the most widely grown is common wheat (T. aestivum). Triticum has 10
species six are cultivated and four which are not. The most economically important
species, T. aestivum, has five subspecies. Wheat is grown on more land area than any
other food crop (220.4 million hectares, FAOSTAT, 2014). World trade in wheat is
greater than for all other crops combined (Curtis et al., 2002). In 2016, world production
of wheat was 749 million tones, making it the second most-produced cereal after maize
(FAOSTAT, 2014). Since 1960, world production of wheat and other grain crops
has tripled and is expected to grow further through the middle of the 21st century
(Godfray, 2010). Global demand for wheat is increasing due to the unique viscoelastic
and adhesive properties of gluten proteins, which facilitate the production of processed
foods, whose consumption is increasing as a result of the worldwide industrialization
process and the westernization of the diet (Day et al., 2006).

Globally, it is the leading source of vital protein in human food, having a protein content
of about 13%, which is relatively high compared to other major cereals but relatively low
in protein quality for supplying essential amino acids (CORDIS, 2016). Wheat is an
important source of carbohydrates. When eaten as the whole grain, wheat is a source of
multiple nutrients and dietary fiber (Shewry and Hey, 2015).



In Bangladesh, the area under wheat cultivation during 2013-2014 was about 1061602
acres producing 1302998 M tons with an average yield of 1233 kg acre-1 (BBS,
2014). The present population of Bangladesh will progressively increase to 223
million by 2030 requiring 48.0 million tons of food grains (Karim et al., 1990).
Owing to population pressure the cultivable area is decreasing in the country day-by-
day, and this problem will gradually but soon be acute.

Salinity is one of the most serious factors limiting the productivity of agricultural crops,
with adverse effects on germination, plant vigor and crop yield (Munns and Tester,
2008). Salinization affects many irrigated areas mainly due to the use of brackish water.
Worldwide, more than 45 million hectares of irrigated land have been damaged by salt,
and 1.5 million hectares are taken out of production each year as a result of high salinity
levels in the soil (Munns and Tester, 2008). High salinity affects plants in several ways:
water stress, ion toxicity, nutritional disorders, oxidative stress, alteration of metabolic
processes, membrane disorganization, reduction of cell division and expansion,
genotoxicity (Hasegawa et al., 2000). Together, these effects reduce plant growth,
development and survival. Bangladesh is also not beyond this threat. In Bangladesh the
salinity affected area was 83.3 million ha in 1973, 102 million ha in 2000 and in 2009 it
has reached up to 105.5 million ha and the area is being expanded with times being
reported by Soil Resource and Development Institute (SRDI, 2010). The dramatic
increasing of saline area is caused by rise of the sea levels due to global warming. Salinity
is a major abiotic stress, which hinder crop production. It creates and adversely impacts
the socio-economic condition of many developing countries including Bangladesh. In
Bangladesh, over 30% of the net cultivable areas lie in the coastal zone close to the
Bay of Bengal of which approximately 53% are affected by varying degrees of salinity
(Haque, 2006). Ali (2011) showed that the salt-affected areas in the coastal region of
Bangladesh increased sharply, by 26.71%, to 950,780 hectares in 2009 from 750,350
hectares in 1973. Agricultural land use in salt affected areas is very poor in respect
of crop production (Petersen and Shireen, 2001). Most of the high vyielding salt
sensitive crop might not be suitable for cultivation in the existing cropping pattern. At
low salt concentrations, yields are mildly affected or not affected at all (Maggio et al.,

2001). As the concentrations increase, the yields move towards zero, since most plants,



glycophytes, including most crop plants, will not grow in high concentrations of salt and
are severely inhibited or even killed by 100-200 mM NaCl. The reason is that they have
evolved under conditions of low soil salinity and do not display salt tolerance (Munns
and Termaat, 1986). High salinity affects plants in two main ways: high concentrations of
salts in the soil disturb the capacity of roots to extract water, and high concentrations of
salts within the plant itself can be toxic, resulting in an inhibition of many physiological
and biochemical processes such as nutrient uptake and assimilation (Hasegawa et al.,
2000, Munns and Tester, 2008). Together, these effects reduce plant growth,
development and survival.

Wheat is cultivated over a wide range of environments, because of wide adaptation to
diverse environmental conditions. It is a moderately salt-tolerant crop (Moud and
Maghsoudi, 2008).

Salinity reduces the growth of wheat plant by reducing the plants ability to absorb water
from soil. Salinity also disturbs the physiology of plants by changing the metabolism of
plants (Garg et al., 2002). Wheat under saline conditions increases the concentration of
proline and sugar resulting in significant increase of electrolyte leakage at 10 and 15
dSm™ (Khatkar et al., 2000). Salinity affects wheat seedling growth by changing
phytohormone levels (Shakirova et al., 1997). Furthermore, salinity induces reduction in
photosynthetic rate and stomatal conductance in wheat. Adding more NaCl increases the
action of superoxide dismutase and peroxidase and reduces the transpiration rate in
Triticum aestivum (Sharma et al., 2005). Moreover, increased salinity induces a
considerable reduction in height, number of fertile tillers and dry weight of shoots in
wheat (Igbal et al., 2005). It has been demonstrated that about 61% reduction of seed
germination and 23-25% vyield loss can be occurred when wheat seeds were cultivated
under salt stress condition (AL-Musa et al., 2012). Poor germination and seedling
establishment are the results of soil salinity. It is an enormous problem adversely
affecting growth and development of crop plants and results into low agricultural
production. Salinity causes a variety of biochemical, physiological, and metabolic
changes in most of the crop plants (Xiong and Zhu, 2002), which may result in oxidative
stress and affect plant metabolism, stand establishment and thereby the yield (Shafi et al.,

2009). Plant growth and development are regulated by a number of intrinsic and extrinsic



factors, which can be modified in various ways. There are different approaches to
mitigate the salt hazards, which include the development of stress tolerant plants by
selection of stress resistant varieties (Ahloowalia et al., 2004), in vitro selection, use of
plant growth hormones (ABA, GA, cytokinin, SA), antioxidants (ascorbic acid, H205)
and osmoprotectants as foliar application and seed treatment (Farooq et al., 2009).

Study of wheat to salinity stress response may be helpful in breeding salt tolerant
varieties. With the above facts keeping in view the present investigation was
undertaken with following objectives:

To evaluate the effect of seed treatment with H,O (Hydrogen Peroxide) on
germination behavior of wheat.

To optimize the priming time on germination behavior of wheat.

To evaluate the effect of Hydrogen peroxide on germination and vigor of wheat
under salt stress.



CHAPTER 2
REVIEW OF LITERATURE

Wheat is an important food crop in our country. Most of the areas of the southern part of
Bangladesh are affected by salt condition and farmers cannot cultivate wheat in the salt
affected area due to lack of efficient salt tolerant variety or lack of proper management
strategy. Again, priming of seeds can reduce the water requirement and increase total
productivity of crops. In regions where water is scarce people have to grow wheat as it
requires much less water than boro rice. The findings from this review will help to
cultivate wheat under salt affected areas.

Salinity stress is one of the most deleterious abiotic stresses reducing crop production
across the world. It is one of the most important stresses limiting crop production in arid
and semiarid regions (Saboora and Kiarostami, 2006) and it is a great problem in the
coastal region of Bangladesh, where a vast area remains fallow for long time. Wheat is an
important cereal crops in Bangladesh and it is a great source of carbohydrate and protein.
The scientists are conducting many experiments to adopt different crops in the saline
area; wheat is one of them. Some of the countries like Australia, USA, Bangladesh,
Pakistan, Sri Lanka etc. are having acute problem with the management of salinity and
sustainable crop production. However, soil salinity is not harmful in similar manner for
all wheat cultivars. Genetic improvement of salinity tolerance in crop plants is of high
importance throughout the world. Very limited research works have been conducted to
adapt wheat in the saline area of Bangladesh. An attempt has been made to find out the
performance of wheat at different levels of salinity. To facilitate the research works,

different literatures have been reviewed in this chapter under the following headings.

2.1 Effect of salinity

Soil salinity is one of the most important abiotic stress and limiting factor for worldwide
plant production (Koyro, 2006). Up to 20% of the irrigated arable land in arid and
semiarid regions is already salt affected and is still expanding (Muhling and Lauchli,
2003). Under salt stress, plants have to cope with stress imposed by the low external
water potential and with ion toxicity due to accumulation of ions inside the plants

(Romero-Aranda et al., 2006). Differences in salt tolerance exist not only among



different genera and species, but also within the different organs of the same species
(Ismail, 2003). Comparing the response of cultivars of one species to salinity provides a

convenient and useful tool for unveiling the basic mechanisms involved in salt tolerance.

2.1.1 Effect of salinity on growth parameters

A pot experiment was conducted by Ewase (2013) to observe the effect of salinity stress
on plants growth of Coriander (Coriandrum sativum L.). He used four treatments of
different concentrations of NaCl namely 0, 1000, 2000, 3000 and 4000 ppm. The
Obtained results showed that plant length, number of leaves, roots number and length
were reduced by increasing the NaCl concentration and Coriander plants were found to
resist salinity up to the concentration of 3000 ppm NaCl only.

Nawaz et al. (2010) reported that applications of salt in the growth medium caused
reduction in shoot length of sorghum cultivars. Under saline conditions 50 mM proline
was more effective to reduce the effect of NaCl than 100 mM proline in both cultivars.
Proline level 50 mM showed 11.78% increased shoot length as compared to NaCl
stresses plants. However, high concentration of proline (100 mM) was not so much
effective as compared to low concentration i.e. 50 mM.

BINA (2008) studied the screening of wheat varieties for growth and yield attributes
contributing to salinity tolerance and reported that wheat varieties of high yielding and
tolerant group recorded a higher value of number of effective tillers plant.

Liu et al. (2008) reported significant reduction in the dry biomass of halophyte Suaeda

salsa when exposed to different concentration of NaCl under different water regimes.

2.1.2 Effect of salinity on physiological attributes of plant

Salt stress induces stomatal closure, which affects CO: fixation. Exposed to salt and
water stresses over days cause reduction in photosynthesis (Munns et al., 2000). In
addition to reduced CO. diffusion through the stomata, both stresses also result in an
apparent reduced CO> diffusion through the leaf mesophyll, i.e. in a reduced mesophyll
conductance to CO, (Flexas et al., 2004). Reduced rate of photosynthesis induces
production of ROS, which can cause strong photoinhibition and interrupt photochemical
processes in thylakoids (Sairam and Tyagi, 2004).

Analysis of chlorophyll fluorescence showed that applied salt doses did not disturb the



light phase of photosynthesis in all cultivars under study. Maximal PSIl quantum yield
(Fv/Fm) which reflects efficiency of PSII electron transport was unaffected in salt
stressed condition (Plazek et al., 2013).

The ability of plants to survive under saline conditions varies among different species of
halophytes and glycophytes. The halophytes adapted to live, support growth and
reproduce in soils containing high concentration of salt (above 200 mM NaCl), by
adapting various tolerance mechanisms (Bose et al., 2013). Unlike the halophytes, the
glycophytes cannot tolerate more than 25% of the salinity level of sea water without
short changing their growth and yield. Unfortunately, most of the modern crops
including wheat, rice and barley are glycophytes. The growth response of glycophytes
to salinity (>40 mM NaCl) occurs in two phases: (i) a rapid response to increase in
external salt known as- “osmotic phase” and (ii) slower response with accumulation of
Na’ ions in vacuoles refer to as “ionic phase”. At both phases, the growth and yield of
crops are significantly reduced (Munns and Tester, 2008). Leaf injury and death is
associated with high salt loadings in the leaf to levels that exceeds the capacity of salt
compartmentation in the vacuoles, causing salt to build up in the cytoplasm to toxic
levels (Munns et al., 2006). The trade-off between the rate at which the leaves die and
the rate at which new leaves are produced would determine the tolerance status of the
plant under salt stress. Plants are unable to cope, tolerate and survive in saline
conditions long enough to supply sufficient photosynthate to the reproductive organs and
produce viable seeds, if the former process progresses faster than the latter. Based
on this two-phase concept, the osmotic effect exerted by salts in the medium around
the roots would cause the initial growth reduction in both salt tolerant and salt
sensitive genotypes (i.e., Osmotic Phase). However, the salt-sensitive genotypes are
much more affected at the ionic phase, because of their inability to prevent Na+ build-
up in transpiring leaves to toxic levels (Munns et al., 2006). Because of this
development, crops have been classified into two categories: (i) salt-includers and, (i)
salt-excluders. Salt-includers take up Na+ and translocate it to the shoot, where it is
sequestered and used as vacuolar osmoticum (tissue tolerance), whereas the salt-
excluders adapt to saline stress by avoiding Na+ uptake (Mian et al. 2011). The salt

sensitive genotypes can be differentiated from the salt-tolerant ones at ionic phase, and



the effect of salinity on crops may also be as a result of the combination of osmotic and
ionic salt effect. The ionic phase has been associated with the reduction in the stomatal
conductance, photosystem Il efficiency, decrease in photosynthesis capacity, reduced

biomass and poor yield in plants (Tester and Davenport, 2003).

2.1.3 Effect of salinity on yield and yield contributing parameters

Soil salinity reduces crop biological yield by affecting all aspects of plant physiology,
growth and development, such as germination potential, vegetative growth and the
reproductive growth stages, due to the complex interactions among morphological,
physiological and biochemical processes (Akbarimoghaddam et al., 2011).

Saberi et al. (2011) conducted an experiment and found that increased salinity
significantly reduced forage dry yield from 44.09 gm plant-1 in the control to 32.76 g
plant-1 at salinity with 15 dSm™. For every one unit increase in salinity, the forage yield
decreased by 5.2 units and for every one unit increase in water stress (irrigation
frequency), the forage yield decreased by 3.6 units.

Ali et al. (2005) conducted a pot experiment with three salinity levels (0, 6 and 9 dSm™)
and observed that 1000-seed weight decreased with increased salinity level in sesame.
Again, Thakral et al. (1996) studied six B. carinatus species under 0-125 meq L-1
chloride solution and observed that siliqua plant-1, 1000-seed weight and seed vyield
decreased under salinity.

The decrease in crop yield may be partly due to in ion (Na* and CI") toxicity
(Chinnusamy et al., 2006). Salinity can also upset the nutrient balance in the plant and/or
interfere with the uptake of some nutrients (Blaylock, 1994). Reports have indicated that
uptake of nutritive cations - potassium and calcium (Asch et al., 2000) and anions -
nitrate and phosphate (Song et al., 2009) by plants are significantly decreased under soil
salinity conditions. The adverse effects of salt stress have also been observed on crop
plant at physiological and biochemical levels (Munns and James, 2003), as well as
at the molecular level (Tester and Davenport, 2003). Salt stress increases the
formation of reactive oxygen species (ROS) in plant (Miller et al., 2008). The ROS
main primary production sites in plant are chloroplasts, mitochondria, and peroxisomes
(Asada, 2006). These important organs are very sensitive to ROS. Excessive ROS

formation is often considered as the initial process that leads to cellular damage of



these organs in plant under salt stress. ROS are toxic and damages the cellular
membranes, membrane bound structures, enzymes and DNA especially in mitochondria
and chloroplasts, and can therefore severely impair plant growth and/or survival (Allen,
1995) and consequently, reduction crop yield. Reduction in crop yield of up to 76% has
been reported due to salt stress (Rajpar et al., 2006).

2.2.1 Effect of Seed Priming

Meriem et al. (2014) carried out an experiment to evaluate the interactive effect of
salinity and seed priming on coriander. The experiment was carried out in completely
randomized design with three replications consisting of four coriander genotypes
(Tunisian cv, Algerian cv, Syrian cv and Egyptian cv) at two seed conditions (seed
priming with 4 g L-1 NaCl for 12h or no seed priming). Results showed that seed priming
and salinity had significantly (p<0.05) affected all the parameters under study. Seed
priming with NaCl had diminished the negative impact of salt stress in all cultivars and
primed plants showed better response to salinity compared to unprimed plants.

Dalil (2014) reported that during seed priming in medicinal plants seeds are partially
hydrated, so that pre-germinative metabolic activities proceed, while radicle protrusion
was prevented, then were dried back to the original moisture level. Primed seeds are
physiologically closer to germination and growth after planting than unprimed seeds.
Aymen and Cherif (2013) reported that with increasing salinity, emergence traits (total
emergence, mean emergence time), growth parameters (plant height, shoot fresh and dry
weight) and mineral contents (K+ and Ca2+) decreased, but to a less degree in primed
seeds. At different salinity levels, primed seeds possessed higher emergence and growth

rate than control.

2.2.2 Effect of plant growth regulator

The depressive effect of salinity on germination could be related to a decline in
endogenous levels of hormones such as gibberedllic acid or kinetin (Debez et al., 2001)
and there are many reports that presoaking seeds with optimal concentrations of
phytohormones (Ungar, 1985) increased the germination rate and emergence under saline
conditions. For example, alleviation of salinity stress by GA3, Kin and IAA on seed

germination of Brassica campestris L. was reported. They found that growth regulators



significantly increase germination under salt stress compared with controls receiving no
growth regulators. GA3 was more effective than kinetin or IAA. Sangkuk et al. (1997)
treated four cultivars of rice with higher concentrations of ABA and kinetin and observed
their alleviating effect on NaCl injury during rice germination. Kinetin treatment
increased germination except in cv. Dasanbyeo. However, some studies showed that
ABA also accelerated germination.

Growth promoting hormone (kinetin) promoted germination of three plant species
(tomato, barley and cotton) by alleviating the osmotically-induced dormancy by NaCl
(Bozcuk, 1981). Similarly, germination studies with lettuce (Kaufman and Ross, 1970)

also indicated that kinetin can alleviate dormancy induced by osmotic stress in seeds.

2.3 Improved gas exchange with non-enzymatic antioxidant system:

The production of reactive oxygen species (ROS) is a normal event of oxidative
metabolism in plants but their generation is further enhanced in response tos various
biotic and abiotic stresses, such as salinity (Moller et al. 2007). Salinity is a limiting
environmental factor, which impairs plant growth and development. It affects
approximately 20% of the world’s cultivated area and nearly half of the world’s irrigated
lands (Sairam and Tyagi, 2004). In excess, ROS can damage DNA, proteins,
chlorophyll and membrane functions. The main ROS produced are hydrogen peroxide
(H,0,), superoxide (0%), and hydroxyl (OH") radicals (Azevedo et al., 2008).

Cell growth and photosynthesis are among the primary processes affected by salinity
(Munns et al., 2006). Accordingly, the decline in productivity observed for many salt
stressed plant species is often related to direct or indirect reductions in photosynthetic
capacity (Meloni et al., 2003). Direct effects include the decreased CO: availability
because of diffusion limitations through the stomata and the mesophyll Flexas et al.,
2007) and/or the alterations of photosynthetic metabolism (Lawlor and Cornic, 2002).
Indirectly, photosynthetic rate can be reduced by the harmful effects of ROS on the
photosynthetic machinery (Ort, 2001). Until recently, H-O> was seen as a toxic cellular
metabolite (Azevedo et al.,, 2005); nevertheless, it is toxic only at high
concentrations (Uchida et al., 2002). According to Quan et al. (2008), the H2O: is the
most stable compound among ROS and the most feasible molecule for ROS-mediated

signal transduction. H>O is produced in response to stress and mediates crosstalk
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between signaling pathways. Therefore, the H20: is a probable signaling molecule that
contributes to the phenomenon of “cross-tolerance”, whose exposure of plants to one
stress (for instance, H>O2) may provide protection towards another stress (such as
salinity) (Neill et al., 2002).

It has been reported that the exogenous application of H>O» prior to salt exposition
induced salinity tolerance in plants by activation of enzymatic antioxidant defense system
(Uchida et al., 2002; Azevedo et al., 2005). Additionally, Gao et al. (2010) reported that
H20: application improved the tolerance to oxidative and heat stress of tobacco and
cumcumber plants, respectively. However, most of these researches are related to H.O>
application in seeds and root system, and there are few studies that examined its
exogenous application through spraying leaves in plants under abiotic stress.

We tested the hypothesis that the non-enzymatic defense system confers an additional
protection against oxidative damage in H202-induced salt tolerance in maize plants. In a
previous study, the behavior of enzymatic defense pathway was examined (Gondim et
al., 2012). Therefore, this study investigated the effects of H.O> leaf spraying in maize
plants under salt stress on the non-enzymatic defense system (ascorbate and glutathione)
and its relationship with some physiological processes, such as plant growth, relative

chlorophyll content, relative water content and gas exchanges.

2.4 Effects of H.O> treatment:

Several studies have shown the beneficial effects of H.O, pretreatment on salt tolerance
in monocotyledonous plants (Uchida et al., 2002; Azevedo et al., 2005 and Wahid et
al., 2007). In our previous study (Gondim et al., 2012), we also demonstrated that
H20> pretreatment could reverse the harmful effects of salinity on growth by alleviating
salinity-induced membrane damage, which was associated to the ability of H2O» to
induce antioxidant enzymatic defenses, especially catalase activity. Herein, we described
that the leaf H.O> spraying was effective to reduce the salinity deleterious effects on
growth and gas exchange of maize plants, which was not closely related to a better non-
enzymatic antioxidant system.

Salinity stress has been shown to reduce the overall growth and productivity of plants by
disturbing several physiological and biochemical processes like photosynthesis, ion

homeostasis and enzyme activities (James et al., 2006). In fact, our results are in
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agreement with those previously reported for different crops such as cowpea (Freitas et
al., 2011), sorghum (Lacerda et al., 2003; Freitas et al., 2011), maize (Azevedo et al.,
2005), cotton (Freitas et al., 2011) and pea (Noreen and Ashraf, 2009). In this study, the
chlorophyll content was negatively affected by salinity only in water sprayed plants after
14 days of treatment. According to Singh and Dubey (1995), the loss of chlorophyll
content acts as a cellular marker of salt stress, and it could be related to photo inhibition
or ROS formation. Therefore, the pretreatment with H>O, was effective to reduce the
detrimental effects of salinity in chlorophyll content.

The prevented chlorophyll degradation due to H2O2 supplying may be assigned to
maintain higher RWC and lower hydrogen peroxide content in leaves under salt stress
(Chakraborty et al., 2012). Additionaly, the higher RWC in H202-sprayed stressed plants
can be explained by the ability of H.O> to induce mechanisms that allow the plant to
obtain and preserve high water content, as well as accumulate high contents of ions and
compatible solutes under saline conditions, which resulted in better growth of stressed

plants.

The most common response to salt stress is a decrease in photosynthesis, and it may be
caused by salt-induced changes like ROS formation, water status alteration and reduction
in chlorophyll content and CO. diffusion through stomatal guard cells (Munns and
Tester, 2008). It has been reported that reduction in photosynthesis by low stomatal
conductance, which causes CO: availability, occurs during early exposure to salt
stress, while biochemical limitations arise due to long-term NaCl exposure (Silva et al.,
2011). Thus, the reduction of photosynthesis in maize plants was caused by stomatal
closure, decreasing the intercellular CO2 concentration for Rubisco activity (Shahbaz et
al., 2010).

Some studies correlate the maintenance of gas exchange with salt tolerance in plants
(James et al., 2006; Munns and Tester, 2008). In this work, it should be emphasized that
all gas exchange parameters were less affected by salinity in plants previously treated
with H2O». Therefore, our data indicate that H>O supplying increased gs, which enabled
high photosynthetic rate and improved shoot dry mass. In addition, the lower leaf H2O;
accumulation induced by the H>O- pretreatment in NaCl stressed plants is an evidence

that plants were able to control oxidative damages caused by ROS in the photosynthetic
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machinery and maintain leaf gas exchange.

Similarly, Wahid et al. (2007) observed that the H,O»-pretreatment in wheat seeds caused
increases in plants subjected to salinity when compared to non-treated seedlings. A
soluble compound ubiquitously present in photosynthetic organisms, acting as an
important antioxidant in plant cells (Nakano and Asada, 1981).

According to Noctor and Foyer (1998), the ascorbate could react directly with hydroxyl
radicals, superoxide, and singlet oxygen and thus promote oxidative protection against
several stresses. Moreover, it has been reported that the changes in ascorbate redox state
are directly correlated with stress tolerance in plant species (Noctor and Foyer, 1998).
Conversely, the leaf amount ascorbate redox state did not act in the ROS scavenging and

salt stress acclimation here in.

2.5 Soil salinity

Salinization of arable land has continued to increase in recent times and, is particularly
detrimental to irrigated agriculture, which provides one third of the global food supply.
Soil salinity can be determined by measuring the electrical conductivity (EC) of the soil

saturation extract. According to the standard definition, a soil is said to be saline if the EC
> of 4 dSm™ (equivalent to about 40 mM NaCl), while soils with EC’s exceeding 15
dSm™ are considered strongly saline (SSSA, 1997). Traditionally, saline irrigation water
is grouped into 4 categories: slightly saline (EC< 2 dSm™): moderately saline (2-6 dSm"
1; highly saline (6-15 dSm™), and extremely saline (EC>15 dSm™) (FAO, 2008). The
salinity of soils is associated with the excessive presence of primary cationic species (i.e.,
Na*, Ca?*, and Mg**) and anionic (i.e., CI, SOs%, HCO3", and CO3) species in the soil.
However, Na* and CI are the most important ions (Hasegawa et al., 2000), because they

not only cause degradation of soil physical structure but also impair plant growth and
development. Thus, soils are said to be saline, sodic and/or saline-sodic based on the total
concentration of salt and the ratio of Na* to Ca®* and Mg?* in the saturated extract of the
soil (Dudley, 1994). The diverse ionic composition of salinized soils would result in a

wide range of physiochemical properties.
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2.6 Salinization of arable lands

Salinity is one of the most important abiotic stresses, limiting crop production in arid and
semi-arid regions, where soil salt content is naturally high and precipitation can be
insufficient for leaching (Zhao et al., 2007). It may occur naturally in the top soil or may
be introduced by man. The natural soil salinization is caused by either the shallow saline
water table or weathering of parent rock materials which releases salts in the soil, while
the human-induced soil salinity arises from human activities and improper irrigation/poor
cultural practices, such as., the use of saline water for irrigation, deforestation,
overgrazing and poor drainage of irrigated fields (Yadav et al., 2011). Salinity is
becoming more extensive due to land clearing and unsustainable irrigation practices and
through pressures for bringing marginal land into production (Munns and Gilliham,
2015). According to the FAO (2008), over 6% of the world’s land is affected by salinity,
accounting for more than 800 million ha of land. Salinity is already widespread in many
regions and has continued to increase due to the changing climate. It has been estimated
that 950 million ha of salt affected lands occur in arid and semi-arid regions, which is
about 33% of the arable land area of the world. Globally, 20% of irrigated land (450,000
km?) is afflicted by salinity, with 2,500-5,000 km? of lost production lands every year as
a result of salinity (UNEP, 2008). The distribution of saline land world-wide, with the
affected areas predominantly located in the wheat producing countries including Central
and West Asia, Australia, Northern Africa and some parts of South and Northern
America. Jamil et al. (2011) has predicted that more than 50% of the arable would be
salinized by the year 2050. The global annual losses in agricultural production from salt-
affected land are in excess of US$12 billion and rising (Qadir et al., 2008). In view of this
development, concerted efforts must be taken to manage the arable lands (especially
those prone to salinity) to minimize the impact of salinity on crop yield by adopting

practices that curtail further soil degradation.

2.7 Mechanisms of salinity tolerance
Several reports have shown wide spectrum of responses to salinity in plants that warrant
wide range of adaptations at the whole plant level (Jones and Gorham, 1983). Over the

years, plants have evolved several mechanisms that allow them to adapt, grow and
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reproduce under high salinity conditions. According to Roy et al. (2014), these
mechanisms are grouped into three main categories: (i) osmotic stress tolerance, which is

controlled by long distance signals that reduce shoot growth and is triggered before shoot

Na+ accumulation; (ii) Na* or CI” exclusion, that tend to prevent Na* and CI~ uptake and
transport processes in roots in order to reduce the accumulation of these ions to a toxic
concentration within leaves and, (iii) tolerance of tissue to accumulated Na* or CI,
where Na* or CI” that succeeded in getting into the plants are compartmentalized in the
leaf vacuole to prevent salt injury to the sensitive thylakoid membrane of the
chloroplasts. These three mechanisms have also been reported by Tester and Davenport
(2003) and Kumari et al. (2014). Although the information available for the plant
tolerance to the “osmotic phase” still remain vague, Mittler et al. (2011) have suggested
that this process may be linked to the rapid, long-distance signaling via processes such as
ROS waves, Ca®* waves (Simon Gilroy, personal communication), or the long distance
electrical signaling (Maischak et al., 2010). This alludes to the fact that the differences of
plants in osmotic tolerance may be due to the differences in the long-distance signaling
and/or in the initial salt stress perception and/or in the response to the signals existing
among plants. However, further studies are needed to gain a clearer understanding of
osmotic tolerance in plants. The most researched aspect of salt tolerance mechanism is
the “ionic phase”, which is due to Na* and CI" accumulation in the leaf blade. The ion

toxicity in plants during the ionic phase can be minimized by reducing the accumulation

of toxic ions (Na* and CI~ exclusion) in the leaf blades and/or by increasing the ability of
crops to cope with salts that succeeded in gaining entry into the shoot (tissue tolerance)
via compartmentation in the vacuoles. Tissue tolerance, which entails Na* exclusion from
the cytosol and compartmentalization in the vacuole before the ion has a detrimental
effect on cellular processes (Roy et al., 2014), may be essential in the synthesis of
compatible solutes and higher level controls to coordinate transport and biochemical
processes, thus plays a role in both osmo-protection and osmotic adjustment in plants
(Munns and Tester, 2008). Munns et al. (2012) and Roy et al. (2014) have suggested that
these three mechanisms of salt tolerance are not mutually exclusive. In other words, the
occurrence of one does not prevent the other. However, it might be possible that each of

these tolerance mechanisms is more effective in a particular circumstance and/or

15



genotype and growth stage dependent. For instance, Na* exclusion may be more effective

in higher salinity (Munns et al., 2012), while at moderately saline conditions, “osmotic
tolerance” may be much more pronounced. In view of this, salinity tolerance is

considered a complex trait, being controlled by many genes and physiological factors.
Thus, a probable reason why breeding for salt tolerance through introgression using
traditional breeding has not been successful (as measured by the lack of commercial
products), as has been usually been attributed to the multi-genic nature of salt stress
tolerance in plants (Flowers and Yeo, 1995).

The improvement of salt tolerance in glycophytic crops have been achieved by the
development of cultivars with low Na® in shoot or high K'/Na* ratio (Tester and
Davenport, 2003; Munns and Tester, 2008 and Munns et al., 2012). The ability of plants
to maintain high K*/Na" is a key feature of salt tolerance because high K*/Na" is required
for normal cellular functions and ion-homeostasis. When the plant roots are exposed to
salinity, the K*/Na" ratio in the plant is reduced significantly (Tester and Davenport,
2003), because Na* competes antagonistically with K* uptake via K*/Na" co-transporters,
which may block the K*-specific transporters of root cells under saline conditions (Zhu,
2003) and result in the accumulation of Na® to toxic levels in the plant tissues. This
means that salt tolerance status of any plant mainly depend on its ability to exclude the
Na" ions, through preferential absorption of K* over Na*. Amtmann and Sanders (1999)
have demonstrated that glycophytes exhibit poor Na* exclusion potentials, which would

disrupt the ion homeostasis and inhibit cellular growth and functions.

2.7.1 Na" transport in crop plants

AS has been described previously, the ability of plants to adapt under high salinity
depend on the extent at which they can: prevent Na' initial entry, maximize Na" efflux
transport, minimize loading to the xylem or maximize retrieval before reaching the shoot,
maximize intracellular compartmentation or allocation to particular parts of the shoot
(e.g. pith cells or old leaves), extrude, mobilize Na* ions and secrete salt onto the surface

of the leaf (Tester and Davenport, 2003). The Na" transporter genes have been reported to
perform these functions (Tester and Davenport, 2003). For instance, the overexpression

of vacuolar Na*/H™ antiporter (NHX1) increased salinity tolerance of Arabidopsis (Apse
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et al., 1999). The Na*/H" is involved in the intracellular compartmentation of Na' via
pumping Na® into the vacuole and, its activity was increased upon Na® application in
Barley (Gabarino and DuPont, 1989) and tomatoes (Wilson and Shannon, 1995) and, the
Na*'H* expression was significantly higher in salt tolerant species, Plantago maritima,
than in the salt-sensitive species, P. media (Staal et al., 1991). The Na+ transporters are
members of the monovalent cation proton antiporter-1 (CPA1) family that were derived
from bacteria, yeast, plants and animals (Kumari et al., 2014). They play a role in
cytoplasmic pH regulation, pumping out H* generated by metabolism, K* homeostasis
and salt tolerance due to Na' influx into vacuoles (Waditee et al., 2001). The ability of
these transporters to prevent Na* entry into the plant root cells or facilitate the pumping
out of Na' that have gained entry into the plant back to the soil solution are important

adaptive features of plant under saline conditions. The control sites of two important Na*
transporters - Nax1 and Nax2 genes in protecting plants from salinity stress. While, Nax1

mediate Na* unloading from the xylem into the sheath under salinity stress; thus,
preventing Na" over accumulation in leaves, to protect the photosynthetic organs, the
Nax2 unloads Na* from the xylem in roots.

The loading of Na™ into xylem is essential process for salt tolerance in plant. This process
leads to increased Na* concentrations in leaves (Shi et al., 2002). The leaf blade appears
to be more sensitive to salinity than the roots (Munns and Tester, 2008). Karley et al.
(2000) have demonstrated that Na* accumulation is more in the older leaves than younger
due of differential distribution of various nonselective cation channels in different cell

types. High-affinity K™ transporterl (AtHKT1) is also associated with Na* transport from

the shoot into the phloem and also in the unloading of Na" into stelar cells (Kumari et al.,
2014).

2.7.2 K" transport in crop Plants

Optimal K" uptake is very crucial for salt tolerance in plants (Greenway and Munns,

1980). K plays an important role in plant metabolism and functions including enzyme
activation, protein synthesis, photosynthesis, osmoregulation, stomatal movement, energy

transfer, phloem transport, cation-anion balance and stress resistance (Wang et al.,

2013a) and, K" influx in plant is inhibited under saline conditions (Ahanger et al., 2014).
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Low K* concentration at the binding sites would activate the hyperpolarization of
membrane potential; but depolarization would occur when the K* concentration is high
(Kumari et al., 2014). Several genes encoding K* channels/transporters have been linked
to K transport in plants. They include: KUP/HAK/KT, HKT, Shakers, TPK, Kir-like and
CPA sub-families (Kumari et al., 2014).

This K" transporter gene family is homologous to bacterial kup (K" uptake) and has been
cloned from barley (Santa-Maria et al., 1997) and, it plays important roles in cell
expansion and plant development (Kumari et al., 2014) because K" is a major cellular

solute. Reduction of K™ uptake impairs K homeostasis, leading to weak cell turgor and
reduction in the rate of cell expansion.

High-affinity K* (HKT) transporters (HKT) gene families regulate K* transport in plants
(Rubio et al., 1995; Roy et al., 2014) and play vital role in salt tolerance (Maser et al.,

2002). Two classes of HKT transporters exits- the HKT1 [which mediate relative Na*
selective uniporters (Maser et al., 2002) and HKT2 [which mediate Na"K" cotransport
activity and homeostasis (Rubio et al., 1995)] transporters. Of the two classes, the HKT1
group is perhaps of greatest potential for improving the salinity tolerance of crops,
frequently appearing as the most likely candidate for quantitative trait loci when
phenotyping for salt tolerance and/or Na* exclusion in mutant and mapping populations
(James et al., 2006) and, has been located on 2AL. Munns et al. (2012) have
demonstrated that the incorporation of novel HKT1;5 gene from the salt-tolerant wheat
relative Triticum monococcum into susceptible commercial durum wheat (Triticum
turgidum ssp. durum) increased grain yield by 25% on saline soil. Moreover, the HKT2
has been reported to increase salinity tolerance, but not through Na' exclusion. Mian et
al. (2011) indicated that the over-expression of HVHKT2;1 would increase the Na®
uptake, Na* concentrations in the xylem sap, and enhance translocation of Na* to leaves
under saline conditions, suggesting that another way plant increase salt tolerance is rather

not to translocate Na" to the shoot but rather to compartmentalize Na* in leaf tissues.
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2.8 Improvement of salt tolerance in wheat

The use of wide range of genetic materials for comparative phenotype and physiology
screening for salt stress tolerance and ion uptake in cereals have progressed steadily with
the identification three mechanisms which may contribute to salt tolerance, such as
osmotic tolerance, ion exclusion and tissue tolerance. This offers strong indication that
salt tolerance in wheat can be improved via pyramiding and/or incorporation of useful
alleles that are associated with the above mentioned mechanisms. Several breeding

strategies have been adopted to achieve these objectives.

2.8.1 Conventional Breeding

Genetic variation in Na* for both exclusion and K*Na" discrimination exists amongst
wheat genotypes, wheat progenitors, wild relatives (Gorham et al., 1987), and in the
halophytic species in the Triticeae (Garthwaite et al., 2005). In the past, screening of a
large collection of wheat germplasm for salt tolerance identified genotypes that can
sustain growth and produce seeds under saline soil conditions. However, only few of the
identified salt tolerant genotypes have been successfully released. They include Indian
KRL1-4 and KRL 19 (from Central Soil Salinity Research Institute at Karnal), LU26S and
SARC- 1 (released by the Saline Agriculture Research Centre at University of
Agriculture, Faisalabad), Sakha 8 (from the Agricultural Research Centre at Giza) and
Kharchia 65 (from India). Among them, Kharchia 65 was the most widely and globally
exploited salt tolerance “donor parent” that has been used to contribute positive alleles in
many breeding programs (Munns et al., 2006). Kharchia 65 was developed via selection
by Indian farmers on sodic-saline soils of the Kharchi-Pali area of Rajasthan (Rana,
1986). The tolerant genotype KRL1-4, derived from a cross between Kharchia 65 and
WL711, has performed well on the saline soils of northern India, but it was not successful
in Pakistan due to the problem of water logging and soil texture (Hollington, 2000). Also,
KTDH 19 which was developed in UK by Quarrie and Mahmood from a cross between
Kharchia 65 and TW161 (a line identified with exceptional Na+ exclusion) performed
well in Spain (Hollington et al., 1994); but in India and Pakistan, it was found to be
highly tolerant in terms of total dry matter but the grain yield was very low due to it
maturing around 2 weeks later than local genotypes (Hollington, 2000). In addition, the

cross of LU26S, Kharchia-65 and two salt-tolerant genotypes, produced two salt-tolerant
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genotypes, S24 and S36 (selected from the F3 populations) at salinity levels of 24 and 36
dSm™, respectively (Ashraf and O’Leary, 1996). S-24 showed positive transgressive
inheritance for salt tolerance when compared to its parents- Kharchia-65, LU26S and
SARC-1, due to its low accumulation of Na’in leaves (Ashraf, 2002). It also exhibited
higher grain yield potentials than most wheat cultivars (Shahbaz et al., 2008).

2.8.2 Mutation breeding

Mutation breeding techniques have been used to generate a vast amount of genetic
variability among genotypes for salinity tolerance. It has played a significant role in plant
breeding and genetics and has been used to develop thousands of novel crop varieties
which have been released to farmers for cultivation. It is cost effective, quick, proven,
robust, non-hazardous and environmentally friendly. It is based on selfing mutants until
the induced character has a stable expression in the advanced mutant generations.
Mutation breeding has been used to reduce the maturity time by 3 weeks without adverse
effects on yield at 150 mM NaCl (Mabhar et al., 2003).

According to Chijioke (2017), four salt tolerance mutant wheat varieties have been
officially released for commercial use as referenced in the mutant varieties database.
They include: Jiaxuan 1 (released in 1974), Changwei 19 (released in 1978), Emai 9
(released in 1980), and H6765 (released in 2004).

2.8.3 Modern Breeding for salt tolerance using molecular markers

The development of molecular markers for the exploitation of DNA polymorphisms in
plant systems is one of the most significant developments in the field of molecular
biology and biotechnology (Soto-Cerda and Cloutier, 2012). DNA marker is a portion of
DNA situated on a chromosome and tightly linked to a known gene controlling trait
variation in a given population. Because salt tolerance is polygenic in nature and is
largely influenced by environment and genotype, it is difficult to breed using
conventional methods. Thus, the use of DNA marker systems have gained prominent in
plant breeding, because of the absence of genotype X environment interaction, epistatic
effect, and also ease inthe picking up of homozygous plants which can be greatly
distinguished from the others at an early generation (Kumar et al., 2015). Once a marker

is found to be linked to gene/QTL contributing to the trait (i.e., salt tolerance) variation in
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the crop species, such marker can be used “as surrogate” to incorporate the gene into the

commercial crop varieties using either marker assisted selection (MAS) or transgenic

approach. MAS has been successfully used to incorporate the Na® exclusion gene
HKTZ1;5 into the susceptible commercial durum wheat (Munns et al., 2012). DNA marker
systems have been used to tag/map several genes or QTL contributing to salt tolerance in
cereals. The association and application of the indirect selection markers which are
genetically linked with the trait(s) of interest is a well-known approach for improvement
of the crop having difficult complex traits such as salt stress tolerance (Im et al., 2014).
This approach has contributed immensely on deciphering the genetic basis of salt
tolerance in many crops.

There are several strategies to increase wheat production in the salt affected areas (such
as leaching, drainage etc), the cultivation of tolerant genotypes is recognized as the most
effective way to overcome the limitations. The prerequisite is the identification of wheat
genotypes with proven wide adaptation under saline conditions. The cultivar, Kharchia
65 is one of the very few reputed donors of salt tolerance (ST) in wheat and has been
extensively used in breeding for ST cultivars globally (Chatrath et al., 2007). Thus, there
is an urgent need to identify new sources of ST to broaden the gene base and to provide
donor parents in locally adapted genetic backgrounds. An imminent task is the efficient
characterization of wheat plants for tolerance towards salt stress. The most valuable
agronomical traits might serve as good surrogates to discriminate among genotypes under
salt stress conditions. Munns and James (2003) consider biomass yield as a useful
criterion because it permits the direct estimation of economic return under saline
conditions. Moreover, it has been reported that shoot growth is more sensitive to salt
stress than the root growth firstly, because the reduction in leaf area development relative
to the root growth leads to a decrease in water use by the plant, thus allowing it to
conserve soil moisture and prevent an escalation of the salt concentration in the soil, and
secondly, due to the accumulation of Na* and/or CI at toxic concentration levels affects
the photosynthetic capacity resulting in less supply of carbohydrates to the young leaves,
that further reduces the shoot growth rate (Munns and Tester, 2008). The ST status of
plants can be assessed as the percent biomass production in saline versus control

conditions (Genc et al., 2007) over a prolonged period of time. Selection of plants with
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high ST values would allow breeders to identify genotypes better adapted to the salinized
arable lands. Screening for chlorophyll fluorescence characteristics has also gained
increasingly interest in plant abiotic stress research. Salinity stress has negative impact on
photosynthesis by inhibiting photosystem Il (PSII) activity and destruction of chlorophyll
pigments due to the accumulation of toxic ions. The relationship between the PSII
operating efficiency and CO; assimilation in leaves allows fluorescence to be used to
detect differences in the response of plants to environmental challenges and,
consequently, to screen for tolerance to environmental stresses (Baker and Rosenqvist,
2004).

Tolerance to salt stress is a complex biological phenomenon governed by several
physiological and genetic factors and it is growth stage specific (Haq et al., 2010). Little
effort has been made so far to simultaneously characterize the wheat germplasm across
different growth stages. Experiments carried out under controlled conditions were not
exposed to those conditions that prevail in salt affected soil such as spatial and temporal
heterogeneity of soil chemical and physical properties, high diurnal temperature
variations, low humidity, and presence of drought stress (Munns and James, 2003). These
could be one of the reasons why breeding for ST has not gained significant progress up

till now.

2.9 Findings from salt stress test

Salt-water flooding method as described by the Association of Official Seed Analysts
(AOSA, 2009) was adopted to evaluate the genotypes germination ability under two salt
types (NaCl and Na»SO4) and several concentrations: 100, 150, 200 mM for NaCl and 75,
100 mM for Na2SOs plus control (without salt). Twenty-five seeds of each genotype, in
three repetitions, were sown in 29 x 22.5 cm plastic transparent boxes containing blotting
paper (ALBET Lab Science, Germany) soaked in 75-ml of each salt treatment solution.
Thereafter, the boxes were placed in a growth chamber with white fluorescent light (600
umol m?s™; 14 h light/10 h dark) at 15+1°C, and relative humidity of 65+8%. Ten days
after sowing, the germination potentials of each genotype were determined with the scale
from 0 to 9 as described by Mano et al. (1996).

Most of the ST estimates at germination stage were significant and negatively correlated

with ST estimates at seedling stage. The mechanisms of salt stress response are highly
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growth stage-specific and change during the plant life cycle (Walia et al., 2005).

The germination vigor, dry shoot weight and grain yield were negatively affected by salt
stress as already reported (Munns and Tester, 2008).

lon analysis revealed that the accumulated K" in the stem after stress was significantly
higher than that accumulated in the 3rd leaf and RLP but, no significant difference was

found between K concentration in the 3rd leaf and RLP. This was in line with the
findings in maize (Kobaissi et al., 2014) and barley (Booltink and Verhagen, 1997). In

contrast, there was no significant difference among the accumulated Na® in 3rd leaf, stem
and RLP, although highest and lowest amounts were found in the stem and 3rd leaf,

respectively. The high K* observed in the stem indicates that the ion is transported
preferentially through the stem channels to other plant parts under salt stress conditions.

The K" accumulation in the 3rd leaf, stem and RLP were positively correlated among
each other, an indication that K" is mobile within the plant and, can be transported from
the stem to the other shoot parts. The increase in the shoot K" was accompanied by a
significant decline in the shoot Na*, showing antagonism between K* and Na* (Elhamid
et al., 2014). Antagonism exits between K* and Na" in the site of ion uptake due to direct
competition of both ions for absorption in the plants (Epstein, 1966).

The rate of root and shoot water loss due to salt stress correlated positively with each
other, suggesting that shoot water loss is a direct consequent of the decreased water
absorption capacity of root systems due to high osmotic potential exerted by salt stress
around the plant rooting zone. The shoot K* concentrations increased with the decrease in
the rate of root and shoot water loss, an indication that maintaining optimum K" status is
favorable for water conservation in plant and would ultimately improve the plant growth
and survival under salt stress. Reports have also indicated that sufficient K* status would
contribute to greater water retention in plant tissues, due to its vital role in the osmotic
adjustment and turgor regulation during stomatal movement that affects transpiration and
photosynthetic rates and xylem hydraulic conductance (Wang et al., 2013b).

Some of the genotypes analyzed in this study have been previously reported to be
resilient to different abiotic and biotic stresses. Four genotypes with high ST estimates,
have been shown to be resistant to different stresses: Gerek-79 and Altay-2000 to
drought, salt and cold resistant genotypes (Akfirat and Uncuoglu, 2013), Katia to zinc
and drought tolerance (ICARDA, 2005) and Demir 2000 to lodging, cold, stripe and leaf
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rust resistant (Mazid et al., 2009), have shown to be resistant to different stresses.
However, the salt stress sensitive genotype Bobur is susceptible to stripe rust at seedling
and mature stages (Ziyaev et al., 2013). These findings may suggest cross-tolerance
among these stress factors in wheat. Mantri et al. (2010) reported that plant responses to
fungal infection (Ascochyta blight) are similar to high-salinity stress.

The chlorophyll fluorescence transients (Fo, Fj, Fi, Fm and Fv) in both tolerant and
sensitive genotypes declined under saline conditions but the sensitive genotypes were
more severely affected. The decrease in Fo due to salt stress indicates an increased
thermal dissipation (Guidi et al., 2002), while the decrease in Fv may be attributed to the
pigment losses due to salt injury. Salinity stress reduces photosynthesis by inhibiting
photosystem 11 complex (PSII) at both acceptor [QA] and donor side (oxygen evolving
complex OEC) and destruction of chlorophyll pigments by accumulation of toxic ions
(Chen and Murata, 2011). However, the higher fluorescence transients observed in the
tolerant genotypes can be attributed to higher number of deactivating PSIl and PSI
associated with increase in the excitation energy (increased energy trapping capacity of
PSII) and decrease in the photochemical quenching coefficient (Guidi et al., 2002). Baker
(2008) suggested the use of fluorescence induction parameters to detect metabolic
perturbations by abiotic stresses.

Under saline conditions, crops exhibit slower growth rates, increased leaf senenses,
reduced tillering and, over months, the reproductive development is affected (Munns and
Tester, 2008), resulting in significant grain yield reduction. The effect of salinity on crops
is due to osmotic stress caused by the accumulation of Na"and Cl ions to toxic levels
within the plant cells and its interference with the uptake of mineral nutrients (Mba et al.,
2007). The mechanism of plant response to salt stress is a complex phenomenon that
involves several genetic, physiological and environmental factors occurring at different
levels including cellular, tissue and whole plant level. The cell-based synthesis of
osmoprotectants and the mechanisms of ion-homeostasis are essential determinants for
salt tolerance (Borsani et al., 2003). As the specialization of plant cell progress during
ontogeny, the adaptive mechanisms to tolerate salt stress start to differentiate, giving rise
to the coordination of all the cellular, tissue and organ responses which are needed for

proper tolerance response. It has been suggested that salt tolerance (ST) is developmental
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growth stage dependent (Haq et al., 2010), but there may exist the possibility of salt-
stress response mechanisms that are active across all the different plant growth stages.
The discovery of key genetic switches associated with genes controlling ST at various
growth stages would allow not only for characterization of the genetic architectures of
salt stress responses, but would also facilitate breeding for improved ST.

Genetic diversity for salinity tolerance has been limited in bread wheat. One land race
Kharcia 65 played a major role in salt tolerant varietal development in India where the
cultivars KRL1-4 and later KRL 19 emerged (Ogbonnaya et al., 2013). Dreccer et al.
(2004) identified synthetic hexaploid wheat that possessed considerable variation for ST
based on Na+ exclusion. Similarly, Colmer et al. (2006) reviewed the potential of wild
relatives to contribute towards improving salinity tolerance. The salinity tolerance of
bread wheat is based on a relatively high ability to exclude Na* from the leaf blades and
an overall increase in the K”Na" ratio, in some cases associated with increased K*
uptake. Several studies have reported on the genetic variation for ST at various growth
stages in wheat, providing great opportunity for ST improvement (Rahnama et al., 2011).
However, the drawback of these studies is their inability to simultaneously analyze the
genetic variation for salt tolerance at three key growth stages using the same population.
In addition, most of the efforts towards exploring the genetic variation to identify loci
associated with salinity tolerance relied on the classical biparental linkage mapping that
are characterized by poor resolution in QTL detection, costly, with considerable amount
of time needed to develop appropriate mapping population and results in identifying
limited number of alleles that can be studied simultaneously at any given locus (Flint-
Garcia et al., 2003). Genome-wide association studies (GWAS) has emerged as an
alternative approach that is maximizing recent advances in genomic tools and statistical
methods by exploiting cumulative recombination and mutation events that occurred in a
population and taking into account numerous alleles present in the population to identify
significant marker-trait associations (MTAs). GWAS has proven to be useful tool to
dissect the complex genetic mechanisms governing biotic (Jighly et al., 2015) and
abiotic (Long et al., 2013) stress tolerance in many crops. The inclusion of population
structure and kinship matrixes in GWAS model during analysis accounts for false

positives and thus, improves its effectiveness and power to detect genetic variants for
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the trait of interest. In wheat, there has been little research into the identification of
large-scale salt tolerance loci using GWAS for different stages of growth within the
same germplasm simultaneously. It is well known that several genes are differentially
expressed in response to a range of biotic and abiotic stresses including drought, heat and
salinity (He et al., 2015).

2.10 H202 and MDA contents

In both levels of applied Zn, H2O> and MDA contents of plants increased significantly by

increasing salinity (p<0.05). In saline conditions, application of concentration of 5 uM Zn

reduced the H>0. and MDA content of plants. The reduction in the H2O> content were

significant at both levels of salinity, but reduction in the MDA content was significant

only at the concentration of 100 mM NacCl. In non-saline conditions, H20, and MDA

content of plants were not affected significantly by Zn levels (Abedini, 2016).

Salt stress limits plant growth by adversely affecting numerous physiological and

biochemical processes, including photosynthesis, antioxidant capacity and ion

homeostasis (Ashraf and Harris, 2009).

The ameliorative effects of sufficient Zn application in improvement of detrimental

effects of salinity on plants growth, that was seen obviously in 100 mM NaCl treated

plants in this study, have been reported by several authors (Weisany et al., 2012).

Reduction in the photosynthetic pigment content in saline conditions is reported for

numerous salt sensitive plants (Weisany et al., 2011).

Carotenoids are the one of components required for salt tolerance in plant species

(Hernandez et al., 1995), because they raise the antioxidant capacity of plant, in order to

protect the photosynthetic systems (Perez-Rodriguez, 2009).

Enhancement of membrane permeability and ion leakage, which was seen at high salinity
in this study, is a common phenomenon in salt stressed plants (Farhoudi et al., 2015).
Sufficient Zn application could deteriorate ion leakage in salt stressed plants; this result is
similar to that obtained by Eker et al. (2013).
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CHAPTER 3
MATERIALS AND METHODS

The experiment was conducted during the period from October 2016 to December 2016
to study the mitigation role of hydrogen peroxide (H20) in eliminating toxicity caused
by salt (NaCl). This chapter includes materials and methods those were used in

conducting the experiment are presented under the following headings.

3.1 Experimental site
This study was implemented in the Central Laboratory of Sher-e-Bangla Agricultural
University, Dhaka-1207, Bangladesh.

3.2 Duration of the study
The experiment was conducted during the period from October 2016 to December 2016.

3.3 Laboratory condition
The temperature and relative humidity of the laboratory room were recorded daily basis
during the study period with a digital thermo hygrometer (TERMO, TFA, Germany). The

average minimum and maximum temperature during the study period of the culture room

was 15.6°C to 29.5°C, respectively and average relative humidity was 69.5%.

3.4 Test crops

Three wheat genotypes namely- ESWYT 6, ESWYT 5 and BARI Gom 28 were used for
this experiment. Seeds were collected from Wheat Research Centre, Nashipur, dinajpur
and Bangladesh Agricultural Research Institute (BARI), Gazipur, Bangladesh. The
collected wheat genotypes were free from any visible defects, disease symptoms and
insect infestations and transported to the laboratory of the Department of Agronomy,

SAU, Dhaka with careful handling to avoid any injury.

3.5 Experimental materials
Different equipments such as 4-digit electric balance, Petri dish, filter paper, micro
pipette, UPS, refrigerator, growth chamber, conductivity meter, pH meter,

spectrophotometer, magnetic stirrer, forceps, oven etc. were used for this study.
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3.6 Chemicals for seed priming

Different priming chemicals such as H20. and distilled water were utilized for chemical
and hydro priming. Alcohol was used to sterilize the seeds. NaCl was used to induce salt
stress.

3.7 Experimental design
The experiment was laid in a Completely Randomize Design (CRD) with five
replications.

3.8 Experimental treatments

The experiment comprises of
i) Seven levels of priming agent concentrations viz. distilled water, Oml

(control), 2ml, 4ml, 6ml, 8ml and 10ml H.>O> solution
i) Six levels of priming time viz. 0, 3, 6, 9, 12,15 hours and
iii) Five levels of salinity stress viz. 0, 5, 10, 15, 20 dSm™NaCl

iv) Five Replication viz. R1, Rz, Rs, R4, and Rs.

3.9 Steps of the experiment
This experiment was completed in three steps. In the 1st step, the best H.O> concentration
with variety, in 2" step, the best priming time with variety and 3rd step the best result

under salt stress condition was identified. On the basis of 1% experiment result, 2" and 3"
experiments were done.

3.9.1 First experiment
Study on the effect of different concentrations of H.O2on the germination, seedling
growth and water relation behavior of wheat.

3.9.1.1 Treatments
One factor experiment considering three wheat genotypes with seven levels of seeds
priming for 24 hours was done.

Three wheat genotypes; one wheat variety and two advanced lines (Hasan et ai., 2017;
Faijunnahar, 2017) were as follows:

i) V1= ESWYT5
i) V2 = ESWYT 6
iii) V3 = BARI Gom 28
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3.9.1.2 Priming solutions
Oml, 2ml, 4ml, 6ml, 8ml, 10ml H20: solution and distilled water were used as priming
solutions.

3.9.1.3 Preparation of priming solutions

a) H20; solutions (2ml, 4ml, 6ml, 8ml, 10ml)

2ml H>O> was dissolved in 1000 ml of distilled water to prepare 2ml solution of
H20.. Similarly, 4ml, 6ml, 8ml, 10ml H.O, was dissolved in 1000 ml of distilled
water to prepare 4ml, 6ml, 8ml, 10ml solution of H20>, respectively.

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

3.9.1.4 Priming technique

Two priming techniques viz., chemical priming and hydro priming were applied on wheat
genotypes. One of the sub-samples was considered as control (unprimed) and the other
sub-samples were primed with priming chemicals. For hydropriming seeds of a sub-
sample were soaked in distilled water and for chemicalpriming seeds of another sub-
sample were divided into another sub-samples and pretreated with H2Oza six levels of
concentration of Oml, 2ml, 4ml, éml, 8ml, 10ml for 24 hours. Priming was done in
different plastic containers covered with lids to prevent evaporation loss. All seeds were
removed from the priming solution at the same time. The primed seeds were rinsed
thoroughly with distilled water for three times and dried lightly using blotting paper and
finally air dried near to original weight (Umair et al., 2011) in room temperature for 24

hours back to the original moisture level.

3.9.1.5 Experimental set up

75 petridishes were used during the experiment and 30 seeds were placed in each
petridish.

Achievement from the first experiment: From the first experiment, 2ml solution of
H>O> gave the best result. So, 2ml H,O solution was used for the next experiment to

evaluate best priming time.
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3.9.2 Second experiment
Optimization of priming time for the germination, seedling growth and water relation

behavior of wheat

3.9.2.1 Treatments

One factor experiment considering three wheat genotypes with six levels of seeds
priming time (0, 3, 6, 9, 12 and 15 hours) by 2ml H20 solution was done. Three wheat
genotypes; one wheat variety and two advanced lines were as follows:

1) VI1=ESWYT5

i) V2 = ESWYT 6

iii) V3 =BARI Gom 28

3.9.2.2 Priming solutions

2ml H20O: solution was used for chemical priming.

3.9.2.3 Priming technique

For chemical priming the sample of seeds were divided into five sub-sample and
pretreated with H2O> for 0, 3, 6, 9, 12 and 15 hours. Priming is done in different plastic
containers covered with lids to prevent evaporation loss. Seeds were removed from the
priming solution at the required time. The primed seeds were rinsed thoroughly with
distilled water for three times and dried lightly using blotting paper and finally air dried
near to original weight (Umair et al., 2011) in room temperature for 24 hours back to the

original moisture level.

Achievement from the second experiment: From the second experiment, 2ml H20»
solution with 9 hours priming time gave the best result. So, 2ml H2O> solution with 9
hours priming time was used for the next experiment to evaluate best result under salt

stress condition.

3.9.3 Third experiment
Germination, seedling growth and water relation behavior of primed seed (wheat)

under salt (NaCl) stress condition.
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3.9.3.1 Treatments: One factor experiment considering primed seeds of three wheat
genotypes under five levels of salt concentration (Control (0 dSm™), 5 dSm™, 10 dSm™,
15 dSm™ and 20 dSm™ NaCl) was done.

Three wheat genotypes; one wheat variety and two advanced lines were as follows:

1) VI1=ESWYT5

i) V2 = ESWYT 6

iii) V3 = BARI Gom 28

3.9.3.2 Priming solutions and time

2ml H2O; solution and 9 hours priming time were used to test salt stress.

3.9.3.3 Preparation of stress solutions
Salt (Nacl) solutions (5 dSm™, 10 dSm™, 15 dSm™ and 20 dSm™):

0.731 g of sodium chloride (Nacl) was dissolved in 250 ml of distilled water to prepare 5
dSm™ solution of salt (Nacl). Similarly, 1.436 g, 2.18 g, 2.925 g sodium chloride (Nacl)

was dissolved in 250 ml of distilled water to prepare 10 dSm™, 15 dSm™, 20 dSm™
solution of NaCl, respectively.

3.9.3.4 Priming technique

Seeds of a sub-sample were soaked in distilled water for hydropriming and seeds of
another sub-samples were pretreated with H2O. for chemical priming at a concentration
of 2ml for 9 hours, respectively. Priming was done in different plastic containers covered
with lids to prevent evaporation loss. All seeds were removed from the priming solution
at the same time. The primed seeds were rinsed thoroughly with distilled water for three
times and dried lightly using blotting paper and finally air dried near to original weight
(Umair et al., 2011) in room temperature for 24 hours back to the original moisture level.

3.10 Data collection
Data on seedling emergence of all the wheat genotypes were collected from 1 to 10 days

after seed placement. Normal seedlings were counted and percent of seedling emergence
was recorded upto 10 days after placing of seeds. Seedling mortality was also counted
upto 10 days after seed placing. The seedlings were washed with tap water and excess

water was removed with tissue paper.
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The following data were taken:

. Germination rate (%)

. Shoot length (mm)

. Root length (mm)

. Shoot dry weight (g)

. Root dry weight (g)

. Relative water content (%)

. Water saturation deficit (%)

. Water retention capacity

© 00 N o o bk~ wWwON -

. Coefficient of velocity of germination

10. Vigor index

3.11 Procedure of recording data

3.11.1 Germination percentage (%)

The number of sprouted and germinated seeds was counted daily commencing.
Germination was recorded at 24 hours interval and continued up to 10™ days. More than
2 mm long plumule and radicle was considered as germinated seed.

The germination rate was calculated using following formula:

Rate of germination (%)

= (Total Number of normal seedlings/Total number of seed placed for germination) x 100
(Othman et al., 2006).

3.11.2 Shoot length (mm)

The shoot length of five seedlings from each petrit dish was measured finally at 10 days
after placement. Measurement was done using the unit millimeter (mm) by a meter scale.
3.11.3 Root length (mm)

The Root length of five seedlings from each petri dish was recorded finally at 10 days
after placement. Measurement was done using a meter scale and unit was expressed in

millimeter (mm).

3.11.4 Dry weight of shoot and root (g)
The dry weight of shoot and root of the five seedlings from each petridish was measured
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at finally at 10 days after placement. Dry weight was recorded by drying the sample in an

oven at 70°C till attained a constant weight. Then the weight was converted to gram

(9).

3.11.5 Relative water content (%o)

Relative water content was measured using following formula:

Relative water content (WRC) (%) = {(Fresh weight-Dry weight)/ (Turgid weight- Dry
weight) x100. (Smart, 1974).

3.11.6 Water saturation deficit (%)

Water saturation deficit was recorded using following formula:

Water saturation deficit (WSD) (%) = 100- Relative water content (Sangakkara et al.,
1996).

3.11.7 Water retention capacity
Water retention capacity was measured using following formula:

Water retention capacity (WRC) = Turgid weight/ Dry weight. (Sangakkara et al., 1996).

3.11.8 Coefficient of velocity of germination

Germination coefficient was measured using following formula:

Coefficient of velocity of germination (CVG) = {(N1+N2+...+Ni)/100} x (N1T1+...+NiTi).
Where, N is the number of seeds germinated every day and T is the number of days from

seeding corresponding to N. (Al-Mudaris, 1998).

3.11.9 Vigor index

Vigor index was calculated using following formula:

Vigor index = (Total germinationx seedling lengthmm)/ 100. (Abdul-Baki and Anderson,
1970).

3.12 Statistical analysis

Data recorded for different parameters were compiled and tabulated in proper form for
statistical analysis. CRD analysis was done for statistical test. The data were analyzed
using “Analysis of Variance (ANOVA)” technique with the help of computer package
programme “MSTAT-C” and mean difference among the treatments were adjudged with

Least Significant Difference (LSD) as described by Gomes and Gomez (1984).
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CHAPTER 4
RESULTS AND DISCUSSION

This study was carried out to investigate the potential role of including a signaling
molecule, H2O> to improve the performance of growth of wheat plants under salinity
conditions.

The results of the germination and growth parameters of wheat genotypes such as root
length, shoot length, root dry weight, shoot dry weight etc. which is influenced by
different concentrations of H>O2 and priming time under salt stress condition have been
presented and discussed in this chapter. To strengthen the discussion, information are

provided in the forms of graphs.

4.1 First experiment: Study on the effect of different concentrations of H>O2 on
the germination, seedling growth and water relation behavior of wheat.

Results obtained from the present study regarding the effects of different
concentrations of H2O; on the germination rate of different wheat genotypes have been
presented, discussed and compared in this chapter. The analytical results have been
presented in Figure 1 to 10 and Appendices Il to XI.

4.1.1 Germination percentage (%o)

Significant variation was observed on germination percentage among the test genotypes
priming with water and different concentration of H.O including control treatment
(Figure 1 and Appendix I1). Results indicated that the genotype, V1 (ESWYT 5) showed
the highest germination percentage in all seed priming concentration where genotype, V>
(ESWYT 6) showed the intermediate result and variety V3 (BARI Gom 28) showed the
lowest germination percentage. Among all the genotype, the highest germination
percentage (93.4%) was scored by Vi (ESWYT 5) with 2ml H.O> concentration whereas
the minimum germination percentage (56.81%) was recorded from wheat genotype V3
(BARI Gom 28) with 10ml H20- solutions. It was recorded that all the genotypes gave
better performance at 2ml H20O> concentration. H.O> was able to promote germination
(Christophe et al., 2008) or formation and development of adventitious roots (Li et al.,
2009). Similar concentrations of H20> (50 — 200 uM H20>) led to significant increase in

the germination rate of the seeds of drought sensitive wheat cultivars whereas vice versa
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with drought tolerant ones (Lu et al., 2013). Basra et al. (2003) and Farooq et al. (2006)
observed that germination was improved by seed priming technique. This findings is
also supported by (Liheng et al., 2009) that seed priming with hydrogen peroxide
solution stimulates germination and seed vigor since it improves the activity of
peroxidase enzyme. Seiadat et al. (2012) reported that priming improves germination
characteristics in many crops.
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Figure 1. Effect of various concentrations of hydrogen-per oxide (H202) on the
germination percentage of wheat cultivars (LDS (.01 = 6.51, 6.2, 6.00, 4.51,
6.29, 4.95 and 4.54 at control, water, 2ml, 4ml, 6ml, 8ml and 10ml,
respectively)

4.1.2 Shoot length (mm)

Significant variation was observed on shoot length among the test genotypes priming
with water and different concentration of H20> including control treatment (Figure 2 and
Appendix I11). It was found that the genotype, V1 (ESWYT 5) showed the highest shoot
length in all seed priming concentration where genotype, V2 (ESWYT 6) showed the
intermediate result and variety Vs (BARI Gom 28) showed the lowest shoot length. It
was also observed that the maximum shoot length (162.4mm) was recorded for Vi
(ESWYT 5) primed with 2ml H.O> solution and lowest shoot length (79.60mm) was
observed V3 (BARI Gom 28) primed with 10ml H2Ox.
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Figure 2. Effect of various concentrations of hydrogen-per oxide (H202) on the shoot
length of wheat cultivars (LDS (0.01y =9.95, 11.39, 9.43, 10.70, 8.01, 11.52
and 6.38 at control, water, 2ml, 4ml, 6ml, 8ml and 10ml, respectively)

In wheat, Gray and Steckel (1983) concluded that priming increased embryo length,
which resulted in early initiation of germination and higher shoot length. Primed seed
showed increase shoot length of seedlings that is supported by the findings of Basra et al.
(2005) and Igbal and Ashraf (2007) in wheat.

4.1.3 Root length (mm)

Root length of wheat genotypes significantly affected by different H>O2 concentrations.
Root length of wheat genotype increased in 2ml H20. and there was a gradual decreased
with the increasing H>O> concentration (Figure 3 and Appendix IV). The result of the
experiment revealed that the maximum root length (146.2 mm) was scored by Vi
(ESWYT 5) with concentration 2ml H2O> solution whereas the minimum root length
(42.12mm) was recorded from V3 (BARI Gom 28) primed with 10ml  H0;
concentration. Wheat genotype Vi (ESWYT 5) performed the best, V2 ((ESWYT 6)
performed moderately and V3 (BARI Gom 28) gave consistently poor performance under
all the chemical and hydropriming solutions. Experiments conducted by Ashraf and Abu-
shakra (1978) revealed that priming of wheat seed in osmoticum or water might improve
germination, emergence and aggrandize vigorous root growth as a consequence root

length of chemical and hydro primed seed exerted the highest length than non-primed
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seed. Jisha et al. (2013) reported that overall growth of plants was enhanced due to
the seed-priming treatments. Priming is a controlled hydration process followed by
redrying that allow metabolic activities to proceed before radical protrusion (Khan,
1992; Sivritepe et al., 2003, 2005).
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Figure 3. Effect of various concentrations of hydrogen-per oxide (H202) on the root
length of wheat cultivars (LDS (.01) = 7.34, 8.39, 12.01, 9.13, 8.69, 7.90 and
5.01 at control, water, 2ml, 4ml, 6ml, 8ml and 10ml, respectively)
4.1.4 Shoot dry weight (g)
Shoot dry weight of wheat genotypes significantly varied by different concentrations of
H20: solution and water priming including control (Figure 4 and Appendix V). The result of
the experiment revealed that the highest shoot dry weight (0.04220 g) was scored by V1
(ESWYT 5) with 2ml H20> concentration whereas the minimum shoot dry weight (0.01500
g) was recorded from wheat genotype V3 (BARI Gom 28) with 10ml H2O> solutions.
Variety Vi, V2, V3, all gave good result at 2ml H.O> concentration. Lee and Kim (2000)
reported that, priming increased the metabolic activities of seed ultimately gained the
substantial shoot length than unprimed seed. Ghassemi-Golezani et al. (2008) observed
that hydropriming significantly improved shoot weights and Sarwar et al. (2006) also
reported that shoot length and biomass of shoots were increased when treated with water
and H>O., Basra et al. (2005) and Igbal and Ashraf (2007) also observed that seed
priming improved shoot dry weight significantly compared to unprimed seeds in

wheat. It has been proved that seed priming intensifies seed reserve consumption and
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depletion rate and seedling dry biomass (Ansari et al., 2012).
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Figure 4. Effect of various concentrations of hydrogen-per oxide (H-O2) on the shoot dry

weight of wheat cultivars (LDS (0.01y = 0.006, 0.006, 0.006, 0.006, 0.006, 0.006

and 0.006 at control, water, 2ml, 4ml, 6ml, 8ml and 10ml, respectively)
4.1.5 Root dry weight (g)
Statistically significant variation was found in case of root dry weight of different
genotypes of wheat due to priming with water and different concentrations of H>0-
including control treatment (Figure 5 and Appendix VI). It was found that the genotype,
V1 (ESWYT 5) showed the highest shoot length in all seed priming concentration where
genotype V2 (ESWYT 6) showed the intermediate result and variety Vs (BARI Gom28)
showed the lowest shoot length. The result of the experiment revealed that the maximum
root dry weight (0.03480 g) was scored by Vi (ESWYT 5) with 2ml H20O. concentration
whereas the minimum root dry weight (0.01040 g) was recorded from V3 (BARI Gom 28)
treatment. The result of the present study is also in line with the results of previous
researchers: Basra et al. (2005) and Igbal and Ashraf (2007) observed that dry matter

yield increased in wheat with each increment of priming.
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Figure 5. Effect of various concentrations of hydrogen-per oxide (H.O2) on the root dry
weight of wheat cultivars (LDS (0.01y = 0.006, 0.006, 0.006, 0.006, 0.006, 0.006
and 0.006 at control, water, 2ml, 4ml, 6ml, 8ml and 10ml, respectively)

4.1.6 Relative water content (%)

Relative water content could be the perfect indicator of plant hydrologic condition as it

denotes the physiological consequences of cellular water deficit. A wide range of

statistical difference was observed for the relative water content of wheat genotypes
under different H.O> solutions (Figure 6 and Appendix VII). Corresponding water
content followed the similar trend as the previous parameters of wheat genotype. It was
found that the genotype, V1 (ESWYT 5) showed the highest relative water content where
genotype V2 (ESWYT 6) showed the intermediate result and variety V3 (BARI Gom 28)
showed the lowest relative water content under all the chemical and hydro priming
solutions. It was also observed that the maximum relative water content (82.50%) was
recorded for Vi (ESWYT 5) primed with 2ml H2O solution and lowest (43.39%) was
observed V3 (BARI Gom 28) primed with 10ml H202. Under stress condition, chemical
and hydro primed seeds can thrive and provide better water use efficiency thus plant

growth not hampered under stress condition than non-primed seeds (Flower et al. 1998).

A similar finding was reported by Sairam et al. (2002). Mouradi et al. (2016) observed

that alfalfa plants raised from primed seeds maintained the high (P < 0.001) relative water

content values, compared to those raised from unprimed seeds.
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Figure 6. Effect of various concentrations of hydrogen-per oxide (H202) on the relative
water content of wheat cultivars (LDS (0.01) = 6.25, 5.41, 3.50, 7.14, 5.79, 5.37
and 4.83 at control, water, 2ml, 4ml, 6ml, 8ml and 10ml, respectively)

4.1.7 Water Saturation Deficit (%)

Water saturation deficit of different genotypes of wheat showed statistically significant
variation due to different concentrations of H2O: solutions and water priming including
control (Figure 7 and Appendix VIII). It followed the opposite trend compared to the
previously described parameter, i.e., the water saturation deficit was maximum at control
and gradually decreased up to 2ml H202 concentration and then steadily increased.
Among the different genotypes, Vs (BARI Gom 28) distinctly scored the maximum value
of water saturation deficit at all priming treatments where Vi (ESWYT 5) scored the
minimum value of water saturation deficit with all priming treatments. The highest water
saturation deficit (56.61%) was recorded from V3 (BARI Gom 28) with 10ml H>O>
solution and the lowest (6.92%) were recorded from Vi (ESWYT 5) 2ml H.O> with
solution. Due to lack of defense mechanism, the non-primed seedling failed to uptake
enough water necessary for running the physiological process smoothly than the primed
seedling. As a result, excessive amount of water deficit occurred in non -primed seed than
the primed one. Ali et al. (2013) also observed that seed priming improves irrigation
water use efficiency resulted lower water saturation deficit.
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Figure 7. Effect of various concentrations of hydrogen-per oxide (H202) on the water
saturation dificit of wheat cultivars (LDS (.01) =2.91, 2.01, 0.95, 1.52, 1.33, 3.42
and 3.98 at control, water, 2ml, 4ml, 6ml, 8ml and 10ml, respectively)

4.1.8 Water Retention Capacity

Water retention capacity of wheat genotypes influenced significantly by different H,O,
solution (Figure 8 and Appendix IX). V1 (ESWYT 5) performed poor under the all
H,O, concentrations and scored the highest value consistently under all chemical and
hydro priming solution where V3 (BARI Gom 28) scored the minimum value for water
saturation deficit under the all priming solutions. It was found that the maximum water
retention capacity (20.80) was recorded for V1 (ESWYT 5) primed with 2ml H,0,
solution for 24 hours and lowest water retention capacity (5.152) was observed V3
(BARI Gom 28) primed with 10ml H,O; solution for 24 hours. It was also recorded that
all the genotypes had increased water retention capacity in 2ml H,0, concentration.
Priming helps to activate the metabolic enzymes which are responsible for germination
of seedbefore germination takes place. As a result, primed seeds can uptake more water
than the non-primed one and gained the maximum turgid weight and consequently
attained the maximum water retention capacity. It is also supported by the finding of
Ali et al. (2013) and they found that seed priming improves irrigation water use

efficiency which helps to increase higher water retention capacity.
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Figure 8. Effect of various concentrations of hydrogen-per oxide (H202) on the water

retention capacity of wheat cultivars (LDS .01y = 0.78, 1.23, 1.78, 1.48, 1.68,
0.83 and 0.84 at control, water, 2ml, 4ml, 6ml, 8ml and 10ml, respectively)
4.1.9 Coefficient of velocity of germination
Coefficient of velocity of germination of wheat genotypes significantly affected by
different H,0, concentrations. Coefficient of velocity of germination increased in 2ml
H,0, and there was a gradual decreased with the increasing H,O, concentration

(Figure 9 and Appendix X). The result of the experiment revealed that the maximum

coefficient of velocity of germination (17.66) was scored by Vi (ESWYT 5) with 2ml
H>0> concentration whereas the minimum coefficient of velocity of germination (9.628)
was recorded from V3 (BARI Gom 28) with primed with 2ml H20- solution for 24
hours. Wheat genotype Vi (ESWYT 5) performed the best, V2 (ESWYT 6) performed
moderately and V3 (BARI Gom 28) gave consistently poor performance under all the
chemical and hydro priming solutions. Huns and Sung (1997) observed that seed priming
resulted from anti-oxidant increment as glutathione and ascorbate in the seed. These
enzymes trigger germination speed via reduction of lipid peroxidation activity; as a result
coefficient of velocity of germination was higher in primed seed compare to that of non-

primed one.

42



S 20 -

'g Vi
g 5 Va2
) ) ——V3
kS

2

3 10 -

(D)

>

ks

§

s O

=

3

@)

0 ;

Control ~ Water 2 4 6 8 10
Hydrogen peroxide concentration (ml)

Figure 9. Effect of various concentrations of hydrogen-per oxide (H202) on the
coefficient of velocity of germination of wheat cultivars (LDS (0.01) = 0.89,
1.25, 1.04, 1.31, 1.23, 1.52 and 1.16 at control, water, 2ml, 4ml, 6ml, 8ml and
10ml, respectively)

4.1.10 Vigor Index

Figure 10 and Appendix XI showed that, the maximum vigor index (311.30) was
accounted from wheat genotype Vi (ESWYT 5) when the seed primed with 2ml H20-
solution and minimum vigor index (75.87) was achieved from V3 (BARI Gom 28) when
the seeds were not primed either chemical or hydro priming solutions. It was also found

that all the genotype had improved vigor index in 2ml H20- solution. It was recoded that

H>O, had positive effect on germination index and vigor index under different
concentration in barley (Kilic and Kahraman, 2016).
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Figure 10. Effect of various concentrations of hydrogen-per oxide (H202) on the vigor
index of wheat cultivars (LDS (o.01)= 7.62, 14.96, 17.13, 12.84, 15.29, 9.40
and 8.49 at control, water, 2ml, 4ml, 6ml, 8ml and 10ml, respectively)

4.2 Second experiment

Optimization of priming time on the germination, seedling growth and water
relation behavior of wheat.

Results obtained from the present study regarding the effects of different priming time of
H202 on the germination, seedling growth and water relation behavior of different wheat
genotypes have been presented, discussed and compared in this chapter. The analytical
results have been presented in Figures 11 to 20 and Appendices X1l to XXI.

4.2.1 Germination percentage (%)

Priming time with 2ml H20. showed significant influence on germination percentage of
different wheat genotypes at 0, 3, 6, 9, 12 and 15 hours priming time among the
genotypes (Figure 11 and Appendix XII). The experiment revealed that genotype Vi
(ESWYT 5) gave the highest germination percentage (96.20%) from 9 hours priming
time with 2ml H2O: solution. The lowest germination percentage (69.11%) obtained from
wheat genotype V3 (BARI Gom 28) seed primed with 2ml H2O> solution for 15 hours.
Many researchers conducted research to explore the possiblity of improving late sown
wheat performance by seed priming techniques to avoid chilling stress. Seed priming

improved emergence, stand establishment, tiller numbers, allometry, grain and straw
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yield and harvest index (Farooq et al., 2007). Hydropriming showed highest

germination percentage (53%) when primed for 16 hours at 15° C (Omid and Farzad,
2012).
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Figure 11. Effect of different priming time on the germination percentage of wheat
cultivars (LSD .01y = NS, 5.94, 7.02, 8.22, 4.89 and 6.45 at Oh, 3h, 6h, 9h, 12h
and 15h, respectively)

4.2.2  Shoot length (mm)

Shoot length of wheat genotypes significantly differed by different priming times. Shoot
length increased with increasing priming time up to 9 hours and then gradually decreased
(Figure 12 and Appendix XIII). It was found that the genotype, V1 (ESWYT 5) showed
the highest shoot length where genotype V2 (ESWYT 6) showed the intermediate result
and variety V3 (BARI Gom 28) showed the lowest shoot length under all priming time

with 2ml H20- solution. It was also found that maximum shoot length (169.3mm) was
scored by Vi (ESWYT 5) from 9 hours priming time with 2ml H.O> solution and
minimum shoot length (88.92mm) was recorded by V3 (BARI Gom 28)with 15 hours.
Priming time increases enzymatic activities of seed and triggers the vigorous plant
growth and in consequence up to 9 hours and then it decreases gradually. Over priming
time facilitate the ageing of seed. Hamidreza et al. (2013) reported that shoot length
significantly influenced by osmopriming times as 6 hours seed treatment had highest

shoot length of wheat. Afzal et al. (2007) observed that the maximum shoot length (28
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cm) was scored by hydro priming seeds followed by 24h of chilling.
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Fgiure 12. Effect of different priming time on the shoot length of wheat cultivars (LSD

©o1) = 8.58, 12.07, 10.23, 11.80, 9.18 and 11.23 at Oh, 3h, 6h, 9h, 12h and 15h,
respectively)

4.2.3 Root length (mm)

Statistically significant variation was found in case of root length different genotypes of
wheat due to priming with different priming time at 2ml H.O> solution (Figure 13 and
Appendix XIV). It was found that the genotype, V1 (ESWYT 5) showed the highest root
length where genotype V3 (BARI Gom 28) showed the lowest root length in different
priming time. It was also observed that the maximum root length (146.0mm) was
recorded for V1 (ESWYT 5) primed with 2ml H20- solution for 12 hours and The lowest
root length (100.9mm) was observed from V3 (BARI Gom 28) with 15 hours priming
time at 2ml H20O> solution followed by V3 (BARI Gom 28) genotype without priming .
The root length of seedlings obtained from primed seeds was increased significantly
compared to unprimed seeds. This result obtained from the present study is supported by
the findings of Afzal et al. (2007) with wheat. Maximum aboveground biomass and
photosynthetic pigments were recorded by Nouman et al. (2014) when the seeds were
hydroprimed (12 hours) but maximum root length and number of roots were found in

MLE (Moringa leaf extract) primed (12 hours) Moringa olifera plants.
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Figure 13. Effect of different priming time on the root length of wheat cultivars (LSD

©0o1 = 8.47, 9.55, 11.31, 10.45, 12.33, 7.56 at Oh, 3h, 6h, 9h, 12h and 15h,
respectively)

4.2.4 Shoot dry weight (g)

Shoot dry weight of wheat genotypes significantly differed by different priming times
(Figure 14 and Appendix XV). Shoot dry weight increased with increasing priming time
up to 9 hours and then gradually decreased. The highest shoot dry weight (0.04340 Q)
was recorded from wheat genotype Vi (ESWYT 5) with seed primed with 2ml H.O;
solution for 9 hours while the lowest shoot dry weight (0.01200 g) was recorded from
wheat genotype V3 (BARI Gom 28) primed with 2ml H20> solution for O hour. Wheat
genotype V2 (ESWYT 6) respond intermediately under all the treating hours. The result
of the present study supported by many researchers: Nahar et al. (2016a), Ajirloo et al.
(2013), and Moghanibashi et al. (2012). Moghanibashi et al. (2012) revealed that, the
effect of hydro priming for 24 hour increased shoot dry weight of sunflower than the non-
primed one. Ghasemi et al. (2014) reported that different level of aging period (0, 3 or 6
days) and increased priming (hydropriming) time significantly increased the seedling dry

weight of wheat.
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Figure 14. Effect of different priming time on the shoot dry weight of wheat cultivars
(LSD (0.01y = 0.006, 0.006, 0.006, 0.006, 0.006 and 0.006 at Oh, 3h, 6h, 9h,
12h and 15h, respectively)

4.2.5 Root dry weight (g)

Priming time with H20. showed significant influence on root dry weight of different

wheat genotypes at 0, 3, 6, 9, 12 and 15 hours (Figure 15 and Appendix XVI). It was

observed that at all priming time treatment, V1 (ESWYT 5) gave the best performance on
root dry weight where V3 (BARI Gom 28) showed the lowest results. It was also found
that all genotypes gave their best performance on root dry weight under seeds primed
with 2ml H20- solution for 9 hours. The highest root dry weight (0.03820 g) was found
from V1 (ESWYT 5) treated with 2ml H20: solution for 9 hours where the genotype, V3

(BARI Gom 28) gave the lowest root dry weight (0.01200 g) under seeds primed with

2ml H2O> solution for 15 hours). Nahar et al. (2016b) reported that, the maximum

weight of wheat genotypes BARI Gom 27 was recorded when the seed primed with

10% PEG solution for 12 hours.
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Figure 15. Effect of different priming time on the root dry weight of wheat cultivars
(LSD (0.01) = 0.006, 0.006, 0.006, 0.006, 0.006 and 0.006 at Oh, 3h, 6h, 9h, 12h
and 15h, respectively)

4.2.6 Relative water content (%)

Relative water content of wheat genotypes significantly varied by different priming times
(Figure 16 and Appendix XVII). Increasing trend of relative water content was observed
with increasing priming 0, 3, 6 time up to 9 hours and then gradually decreased with
increasing priming time. The wheat genotype ESWYT 5 consistently gave the highest
value for relative water content followed by ESWYT 6 and BARI Gom 28 gave the
lowest value for relative water content under all priming time. The result of the
experiment revealed that the highest relative water content (91.14%) was observed from
wheat genotype ESWYT 5 with 9 hours priming while the lowest relative water content
(61.41%) was observed from wheat genotype BARI Gom 28 primed with 2ml H20>
solution for 15 hours.
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Figure 16. Effect of different priming time on the relative water content of wheat

cultivars (LSD (0.01) = 6.38, 5.60, 5.79, 7.70, 4.39 and 7.67 at Oh, 3h, 6h,
9h, 12h and 15h, respectively)

4.2.7 Water Saturation Deficit (%0)

The trend of water saturation deficit was quite opposite compare to the trend of rest of the
parameters i. e. water saturation deficit decreased with the increasing priming time and
gradually increased with increasing priming time (Figure 17 and Appendix XVIII).
Wheat genotype BARI Gom 28 dominantly scored highest value at all the priming time
where ESWYT 5 showed consistently lowest values regarding water saturation deficit.
The maximum water saturation deficit (38.59%) was observed when seeds primed with 15
hours increased water saturation deficit scored by BARI Gom 28 when the seeds were
primed with of 2ml H>O, wheat. The minimum water saturation deficit (38.59%) was

found seed priming with 2ml H>O; solution for 9 hours.
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Figurel7. Effect of different priming time on the water saturation deficit of wheat
cultivars (LSD (.01 = 2.79, 2,51, 1.87, 1.54, 1.83 and 3.15 at Oh, 3h, 6h,
9h, 12h and 15h, respectively)

4.2.8 Water retention capacity

All the wheat genotypes primed with 2ml H202 solution for 9 hours showed the best
result (Figure 18 and Appendix XI1X). Maximum water retention capacity (17.76) was
accounted from wheat genotype Vi (ESWYT 5) when the seed primed with 2ml H>O>
solution for 9 hours and minimum water retention capacity (7.184) was observed from
V3 (BARI Gom 28) when the seeds were primed with 2ml H2O; solution for 15 hours. It
has been reported by Wahid and Ghazanfar (2006) that H>O. treatment improved the
water relations of salinity-treated seedlings by turgor maintenance, which was
comparable to the water control of seedlings.
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Figure 18. Effect of different priming time on the water retention capacity of wheat
cultivars (LSD (.01 = 1.14, 0.81, 1.15, 1.59, 1.33 and 0.92 at Oh, 3h, 6h,
9h, 12h and 15h, respectively)

4.2.9  Coefficient of velocity of germination

A wide range of statistical difference was observed due to different priming times (Figure
19 and Appendix XX). It was observed that the genotype, V1 (ESWYT 5) showed the
highest coefficient of velocity of germination where genotype V2 (ESWYT 6) showed the
intermediate result and variety V3 (BARI Gom 28) showed the lowest coefficient of
velocity of germination under all priming time with 2ml H,O; solution. It was also
observed that all genotypes gave their best performance on coefficient of velocity of
germination under seeds primed with 2ml H,O, solution for 9 hours. Among the
different genotypes, V1 (ESWYT 5) distinctly scored the maximum value of coefficient
of velocity of germination (18.08) where V3 (BARI Gom 28) scored the minimum value
(13.44) at 2ml H,0; solution for 9 hours priming time. Time of priming signicantly
influence the coefficient of velocity of germination and the finding of many researcher
support this. Omid and Farzad (2012) found that in mountain rye (Secale montanum)
highest coefficient of velocity of germination was attained from concentration of 9 bar
PEG for 24 hours at 10° C and highest coefficient of velocity of germination was attained
from hydropriming for 8 hours at 10° C as it was increased compared to the unprimed one.

52



20 -
V1

18 V2

——\3

16 -

14

12 -

Coefficient of velocity of germination

10

0 '3 6 9 12 15
Priming time (hour)

Figure 19. Effect of different priming time on the coefficient of velocity of germination
of wheat cultivars (LSD (o.01) = 1.65, 1.45, 1.37, 1.52, 1.32 and 1.27 at Oh,
3h, 6h, 9h, 12h and 15h, respectively)

4.2.10 Vigor Index

Priming time with H>O. showed significant influence on vigor index of different wheat
genotypes (Figure 20 and Appendix XXI).Vigor index of wheat genotypes increased with
the increasing of priming time up to 9 hours and gradually decreased with increasing
time. It was also observed that the maximum vigor index (303.1) was recorded for Vi
(ESWYT 5) primed with 2ml H2O. solution for 9 hours and the lowest Vigor Index
(140.8) was observed from V3 (BARI Gom 28) with 0 hour priming time at 2ml H20;
solution followed by V> (ESWYT 6) genotype with 15 hour priming. Osmopriming with
15 bar PEG for 24 hour at 15° C increased germination percentage (80.5%) germination
index (17.9) normal seedling percentage (45%) seedling vigor index (257.85) and
seedling length (5.73 cm) as compared to the unprimed and other treatments of chemical
priming. Also osmo and hydroprimig increased catalase and ascorbate peroxidase as
compared to the unprimed seeds (Omid and Farzad, 2012).
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Figure 20. Effect of different priming time on the vigor index of wheat cultivars (LSD
©o1 = 15.54, 21.19, 20.73, 17.96, 16.62 and 21.97 at Oh, 3h, 6h, 9h, 12h
and 15h, respectively)

4.3 Third experiment

Germination, seedling growth and water relation behavior of primed seed of wheat

genotype under salt (NaCl) stress condition.

This experiment was conducted under laboratory condition. Three wheat genotypes were

primed in 2ml H>O> solution for 9 hours. Dry seed used as control and was exposed to 0,

5, 10, 15 and 20 dSm™ NaCl induced salt stress conditions in petri dishes. The results

have been presented separately in Figures 21 to 30 and Appendices XXII to

XXXI1 under the following headings:

4.3.1 Germination percentage (%o)

Different salinity levels revealed significant variation in respect of germination rate
(Figure 21 and Appendix XXII). Result indicated that the germination of primed seeds
decreased significantly with increasing salinity level. It was observed that the variety, V1
(ESWYT 5) gave the promising result on seed germination at all salt concentration and
germination rate was highest in no salinity level. But under salinity stress, the maximum
germination rate was found in primed seeds placed with 5 dSm™ NaCl and thereafter
gradually decreased germination rate was observed with the increasing salinity levels. It

was also recorded that the highest germination rate (93.60%) was observed from Vi
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(ESWYT 5) under primed seeds placed without salt and after that the second highest
germination rate (91.80%) was in V1 (ESWYT 5) with primed seeds placed with 5 dSm™
where the lowest value (66.67%) was obtained from V3 (BARI Gom 28) when the primed
seeds are kept under 20 dSm™ NaCl. Under stress conditions, primed seed induces the

germination changes and which is to maintain the germination rate and uniformity in the
seedling emergence (Ashraf and Fooland, 2005).
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Figure 21. Effect of different salt concentration on the germination percentage of primed
wheat cultivars (LSD (o01)= 6.72, 8.43, 6.93, 6.10 and 6.46 at 0 dSm™, 5 dSm™,
10 dSm™, 15 dSm™ and 20 dSm™, respectively)

4.3.2 Shoot length (mm)

Shoot length of different wheat genotypes was significantly influenced by different
salinity levels (Figure 22 and Appendix XXIII). Result exposed that the shoot length
from primed seeds decreased significantly with increasing salinity level. The highest
shoot length was observed from Vi (ESWYT 5) where primed seeds placed without salt.
Under salinity stress, the highest shoot length (143.0mm) was observed from Vi
(ESWYT 5) under primed seeds placed with 5 dSm™ NaCl. The lowest shoot length
(74.28mm) was found from V3 (BARI Gom 28) under primed seeds placed with 20 dSm™
NaCl. Shoot growth was reduced by salinity due to inhibitory effect of salt on cell
division and enlargement in growing point (McCue and Hanson, 1990). Salt stress
decreased coleoptile length by 39%, 62%, and 76% in 0.25, 0.275, and 0.30 M salt
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concentrations respectively (Kilic and Kahraman, 2016). According to, Hakim et al.
(2010) any crops growing under salinity condition there may be a reduction in seedling
length. Similarly in indica rice varieties there was a decreased seedling length with
increased salinity condition (Anbumalarmathi and Mehta, 2013). It has been reported by
Mouradi et al. (2016) osmopriming of seed with -0.6 Mpa of PEG6000 has positive effect on
the increase of total plant biomass and nodulation under drought stress agrees with the
results documented by Kaur et al. (2002, 2006) for chickpea and Tabatabaei (2013).
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Figure 22. Effect of different salt concentration on the shoot length of primed wheat
cultivars (LSD (.01 = 12.46, 10.02, 12.68, 8.12 and 7.48 at 0 dSm™5 dSm™,
10 dSm™, 15 dSm™ and 20 dSm™, respectively)

4.3.3 Root length (mm)

Significant variation was observed on root length among the test genotypes primed seed
under different salt concentrations (Figure 23 and Appendix XXIV). In this present study
it was recorded that root length of wheat genotypes decreased with the increasing salt
concentration where no salinity stress gave highest root length for all the genotypes. It
was observed that all the genotypes showed good result when the seeds are primed with 5
dSm™ NaCl. It was also found that among the genotype, V1 (ESWYT 5) had the highest
root length (127.5mm) without salt stress and V3 (BARI Gom 28) had the lowest root
length (46.96mm) at 20 dSm™ NaCl. It was reported that Salt stress decreased radicle
length by 82%, 84% and 85% in 0.25, 0.275 and 0.30 M salt concentrations, respectively
(Kilic and Kahraman, 2016).
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Figure 23. Effect of different salt concentration on the root length of primed wheat
cultivars (LSD (.01) = 6.55, 15.62, 8.35, 8.19 and 5.45 at 0 dSm™, 5 dSm™,
10 dSm™, 15 dSm™ and 20 dSm™, respectively)

4.3.4 Shoot dry weight ()

Salinity level had highly significant influence on shoot dry weight of different wheat
genotypes (Figure 24 and Appendix XXV). The results of the experiment showed that
the highest shoot dry weight (0.04480 g) was observed from Vi (ESWYT 5) Primed
seeds placed without salt stress, followed by primed seeds placed with 5 dSm™ NaCl
where the lowest shoot dry weight (0.01580 g) was observed from V3 (BARI Gom 28)
under primed seeds placed with 20 dSm™ NaCl. Salt stress decreased fresh weight by
27%, 47%, and 66% in 0.25, 0.275, and 0.30 M salt concentrations (Kilic and Kahraman,
2016). Similar results were observed in rice and wheat, in which the seedling length and

dry weight were decreased with increased salt stress (Jamil and Raha, 2007).
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Figure 24. Effect of different salt concentration on the shoot dry weight of primed wheat
cultivars (LSD (.01 = 0.006, 0.006, 0.006, 0.006 and 0.006 at 0 dSm™, 5 dSm™,
10 dSm™, 15 dSm™ and 20 dSm™, respectively)

4.3.5 Root dry weight (g)

Significan variation was found in terms of root dry weight of different wheat genotypes
affected by different salinity levels (Figure 25 and Appendix XXVI). It was recorded that
the genotype, V1 (ESWYT 5) distinctly showed the highest root dry weight in different
salinity level where genotype, V2 (ESWYT 6) showed the intermediate result and variety
V3 (BARI Gom 28) showed the lowest root dry weight under salinity stress. The result of
the experiment indicated that maximum root dry weight (0.0358 g) was scored by V1
(ESWYT 5) when primed seed placed without salt and the minimum root dry weight
(0.013 g)was recorded from V3 (BARI Gom 28) when primed seed placed in 20 dSm™
NaCl solution. Excess of ions in root medium exerts effects like osmotic strain, ion
specificity/toxicity, nutritional imbalances (Jones and Gorham, 2002), changes in cell
metabolites levels (Rhodes et al., 2002; Wahid and Ghazanfar, 2006) and diminished
growth and yield (Wahid et al., 2004 and Ahmad et al., 2005).
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Figure 25. Effect of different salt concentration on the root dry weight of primed wheat
cultivars (LSD (.01 = 0.006, 0.006, 0.006, 0.006 and 0.006 at 0 dSm™,5dSm™,
10 dSm™, 15 dSm™ and 20 dSm™, respectively)

4.3.6 Relative water content (%)

Relative water content of wheat genotypes significantly affected by different salt
concentration (Figure 26 and Appendix XXVII). There was a gradual decreased observed
with increasing the salt concentration. Wheat genotype Vi (ESWYT 5) performed the
best, V> (ESWYT 6) performed moderately and V3 (BARI Gom 28) gave consistently
poor performance under all salinity levels. The result of the present study revealed that
the maximum relative water content (92.92%) was scored by V1 (ESWYT 5) with primed
seed placed without salt solution whereas the minimum relative water content (55.49%)
was recorded from V3 (BARI gom28) when primed seed placed with 20 dSm™ NaCl
solution. Chakraborty et al. (2012) reported that Pretreatment with H20. was effective to
prevent chlorophyll degradation due to H20:2 supplying may be assigned to maintain
higher relative water content and lower hydrogen peroxide content in leaves under salt
stress.

59



Vi
$ 90 - Va
< ——V3
3 80 -

C
8
5 70 -
©
=
g 60 -
kS
& 50 -
40

0 5 10 15 20
Salinity levels (dSm-t)

Figure 26. Effect of different salt concentration on the relative water content of primed

wheat cultivars (LSD (.01 = 6.29, 6.54, 6.63, 6.52 and 4.61at 0 dSm™, 5 dSm™,

10 dSm™, 15 dSm™ and 20 dSm™, respectively)
4.3.7 Water Saturation Deficit (%0)
A wide range of statistical difference was observed due to different salt concentration
(Figure 27 and Appendix XXVIII). Water saturation deficit increases with increased salt
concentration. It was observed that the genotype, Vi (ESWYT 5) showed the lowest
water saturation deficit and the genotype V3 (BARI Gom 28) showed the highest result.
Under salinity stress, the performance of all the genotype is lower under 5 dSm™ NaCl
solution. The result indicated that maximum water saturation deficit (44.51%) was scored
by V3 (BARI Gom 28) when the primed seed are placed with 20 dSm™ NaCl solution
and minimum value (7.082%) was scored Vi (ESWYT 5) where the primed seed are

placed without salt stress.
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Figure 27. Effect of different salt concentration on the water saturation deficit of primed

wheat cultivars (LSD (.01 = 1.10, 1.82, 2.20, 2.40 and 3.29 at 0 dSm™, 5 dSm™,

10 dSm™, 15 dSm™ and 20 dSm™, respectively)
4.3.8 Water retention capacity
Significant influence was found in terms of water retention capacity of different wheat
genotypes affected by different salinity levels (Figure 28 and Appendix XXIX). The line
graph which is maintained a decreasing tend. The result of present study exposed that
highest water retention capacity (15.57) was accounted from wheat genotype Vi
(ESWYT 5) when the primed seed are placed without salt and lowest water retention

capacity (6.816) was achieved from V3 (BARI Gom 28) when the primed seeds are kept
under 20 dSm™ NaCl solution.
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Figure 28. Effect of different salt concentration on the water retention capacity of primed
wheat cultivars (LSD (0.01= 1.13, 1.14, 0.90, 1.01 and 0.70 at 0 dSm™, 5 dSm™,
10 dSm™, 15 dSm™ and 20 dSm™, respectively)

4.3.9 Coefficient of velocity of germination

Primed seed showed significant influence on coefficient of velocity of germination of

different wheat genotypes under different salinity level (Figure 29 and Appendix XXX).

Wheat genotype Vi1 (ESWYT 5) dominantly scored highest value at all the salt level

followed by V> (ESWYT 6) where V3 (BARI Gom 28) showed consistently poor

performance of wheat in terms of coefficient of velocity of germination. It was distinctly

found that the maximum coefficient of velocity of germination (17.52) was achieved

from Vi (ESWYT 5) primed seed without salt stress whereas minimum coefficient of

velocity of germination (11.70) was obtained from V3 (BARI Gom 28) primed seed under
20 dSm™ NaCl salt concentration. Wahida et al. (2007) reported that Seeds treated with
1-120 mM H20- for 8 hours and germinated in saline (150mM NaCl) medium curtailed

the mean germination time (MGT) being even less than water controls.
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Figure 29. Effect of different salt concentration on the coefficient of velocity of
germination of primed wheat cultivars (LSD ooy = NS, 1.34, 1.31, 1.55
and 1.11 at 0 dSm™, 5 dSm™, 10 dSm™, 15 dSm™ and 20 dSm™, respectively)

4.3.10 Vigor Index

Statistically significant variation was found in case of vigor index of different genotypes
of wheat due to primed seed placed with different concentrations of salt (Figure 30 and
Appendix XXXI). There was a decreasing trend observed with increasing the salt
concentration. Among the test sample, V1 (ESWYT 5) showed the highest vigor index
where genotype and V. (ESWYT 6) showed the intermediate result and variety V3 (BARI
Gom 28) showed the lowest vigor index under all salinity level. Vigor index was in no
salinity stress followed by primed seeds placed with 5 dSm™ NaCl solution. The result of
experiment exposed that maximum vigor index (264.1) was accounted from wheat
genotype Vi (ESWYT 5) when the primed seed are placed without salt and minimum
(80.89) was achieved from V3 (BARI Gom 28) when the primed seeds are kept under 20
dSm™ NaCl solution. H20, had positive effects on germination index (GI) and vigor
index (VI1). H2O> increased vigor index by 56%, 33%, and 16% in increasing salt
concentrations (0.25, 0.275, and 0.30 M) compared to control (Kilic and Kahraman,
2016).

63



300 +

—o—V1
250 - —=—V2
——V3

Vigor index
= = N
o a1 o
o o o

| | |

a1
o
I

0 5 10 15 20
Salinity levels (dSm-1)
Figure 30. Effect of different salt concentration on the vigor index of primed wheat
cultivars (LSD (001 = 21.65, 24.18, 14.24, 11.23 and 11.41 at 0 dSm™, 5 dSm™,
10 dSm™, 15 dSm™ and 20 dSm™, respectively).
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CHAPTER 5
SUMMARY AND CONCLUSION

With a view to alleviate the negative effects of salt stress on different wheat genotype an
experiment was conducted at Laboratory of Department of Agronomy, Sher-e-Bangla
Agricultural University (SAU), Sher-e-Bangla Nagar, Dhaka-1207 during the period
from October 2016 to December 2016 to study the H>O> induce changes in growth and
physiology of wheat (Triticum aestivum.L) under salt stress. A set of experiment was
conducted in three different experiments. The experiment was laid out in a Completely
Randomized Design (CRD) with five replications.

Three wheat genotypes namely- ESWYT 5, ESWYT 6, and BARI Gom 28 were used as
test crop. Different priming chemicals such as H>O, and distilled water were utilized for
chemical and hydro priming and NaCl was used to induce salt stress.

Priming was done in room temperature and all the primed seeds were removed from the
priming solution at the same time. Thirty seeds from each of the treatments were selected
randomly and placed in 90 mm diameter Petri dishes on whatman No.1 filter paper and
filter paper was moistened with 8 ml of distilled water.

Germination was measured to have occurred when radicles were 2 mm long. Germination
progress was examined and data were collected at every 24 h intervals and continued up
to 10 days. The abnormal or dead seedlings were excluded during counting. The data
recorded on germination percentage, root length, shoot length, root dry weight, shoot dry
weight, water saturation deficit, water retention capacity and vigor index. Data were
analyzed using a computer software MSTAT-C. The significance of difference among

the treatments means was estimated by the LSD at 1% level of probability.

First experiment

The first experiment was carried out to find the effect of different concentration of H20-
on germination and growth behavior of three wheat genotypes (ESWYT 5, ESWYT 6,
and BARI Gom 28) without any stress condition. Six levels of H,O2 such as 0, 2, 4, 6, 8,
10ml and were used for chemical priming and distilled water used as hydro priming agent

for 24 hours, respectively.
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Among the genotypes, V1 (ESWYT 5) gave the best results on studied parameters.
Results revealed that V1 (ESWYT 5) showed the highest germination rate (93.40%),
shoot length (162.40 mm), root length (146.20 mm), shoot dry weight (0.04220 g), root
dry weight (0.03480 g), relative water content (93.08%), water retention capacity (20.80),
coefficient of velocity of germination (17.66) and vigor index (253.90) primed with 2ml
H>O> solution for 24 hours where seeds without priming showed lowest results in

respected parameters with the genotype Vs (BARI Gom 28).

Second experiment

The second experiment was conducted to optimization of priming time on the
germination and growth behavior of wheat genotypes. Three wheat genotypes (ESWYT
5, ESWYT 6 and BARI Gom28) without any stress condition were considered. Six
different priming times such as 0, 3, 6, 9, 12 and 15 hours for chemical priming were
used using 2ml H>O: solution.

The seeds of genotype Vi, (ESWYT 5) primed with 2ml H20. solution for 9 hours gave
the highest germination rate (94.20%), shoot length (169.30 mm), root length (146.0
mm), shoot dry weight (0.04340 g), root dry weight (0.03820 g), relative water content
(91.14%), water retention capacity (17.76), coefficient of velocity of germination (18.08)
and vigor index (303.1). The lowest water saturation deficit (8.864 %) was also obtained
from V1 (ESWYT 5) seeds primed with 2ml H.O; solution for 9 hours where seeds
primed with H20> solution for 15 hours showed the highest results (38.59%) in respected
parameters with the genotype V3 (BARI Gom 28).

Third experiment

In the third experiment germination and growth behavior of primed seeds of wheat
genotypes (ESWYT 5, ESWYT 6 and BARI Gom28) with and without salt (NaCl) stress
condition was evaluated. H>O> solution 2ml were used as priming solutions and 9 hours
as priming time and salt stress levels; without salt (control), 5 dSm™, 10 dSm™, 15 dSm™
and 20 dSm™ were used in this experiment.

Results revealed that the genotype V1 (ESWYT 5) with primed seeds placed without salt;
control gave the highest germination rate (93.60%), shoot length (151.7 mm), root length
(127.5mm), shoot dry weight (0.04480 g), root dry weight (0.03580 g), relative water
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content (92.92%), water retention capacity (15.57), coefficient of velocity of germination

(17.52) and vigor index (264.1). But under salinity stress, the highest germination rate
(91.8%), shoot length (143.00 mm), root length (118.10 mm), shoot dry weight (0.04140
g), root dry weight (0.03220 g), relative water content (86.50 %), water retention
capacity (14.18), coefficient of velocity of germination (17.27) and vigor index (239.8)
were achieved from Vi (ESWYT 5) primed seeds placed with 5 dSm™ NaCl where

V3 (BARI Gom28) primed seeds placed with 20 dSm™ NaCl showed lowest results in
respected parameters.

Considering the findings of the present experiment following conclusions may be drawn:

e Performance of ESWYT 5 was better in respect of germination and growth
parameters when the seed are primed with 2ml H2O2 concentration in 9 hours
priming time.

e Seed priming may be an effective method to meet the demands of farmers during
the installation of the culture in the field and especially in conditions of salt stress.

e Further studies are needed to assess the efficacy of seed priming during the later
stages of the crop.

e More research should be conducted to observe the field performance.

e More Regional trial should be practiced.

67



REFERENCES

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

Abedini, M. (2016). Physiological responses of wheat plant to salinity under different

concentrations of Zn. Acta Biologica Szegediensi. 60(1): 9-16.

Afzal, 1., Ahmad, N., Basra, S. M. A. and Faroog, M. (2007). Optimization of hormonal
priming techniques for alleviation of salinity stress in wheat (Triticum aestivum
L.). Caderno de Pesquisa Serie Biologia. 17: 95-1009.

Ahanger, M. A., Abeer, H., Abduallah, E. F. and Ahmad, P. (2014). Arbuscular
mycorrhiza in crop improvement under environmental stress. Emerg. Technol.

Management Crop Stress Tol.. 2: 69-95.

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

Ahmad, S., Wahid, A., Rasul, E. and Wahid, A. (2005). Comparative morphological and
physiological responses of green gram genotypes to salinity applied at different

growth stages. Bot. Bull. Acad. Sin. 46: 135-42.

Ajirloo, A. R., Shaban, M., Moghanloo, G. D. and Ahmadi, A. (2013). Effect of priming
on seed germination characteristics of wheat (Triticum aestivum L.). Intl. J. Agri.
Crop Sci. 5: 1670-1674.

Akbarimoghaddam, H., Galavi, M., Ghanbari, A. and Panjehkeh, N. (2011). Salinity
effects on seed germination and seedling growth of bread wheat cultivars. Trakia

J. Sci. 9(1): 43-50.

Akfirat, F. S. and Uncuoglu, A. A. (2013). Genetic Diversity of Winter Wheat (Triticum
Aestivum L.). Revealed by SSR Markers. Biochem. Genet. 51: 223-229.

68



Ali, H., Igbal, N., Shahzad, A. N., Sarwar, N., Ahmad, S. and Mehmood, A. (2013). Seed
priming improves irrigation water use efficiency, yield, and yield components of
late-sown wheat under limited water conditions. Turk. J. Agri. For. 37(5): 534-
544,

Ali, M. A., Islam, M. T. and Islam, M. T. (2005). Effect of salinity on some morpho-
physiological characters and yield in three sesame cultivars, J. Bangladesh Agril.
Univ. 3: 209-214.

Ali, S. S. (2011). Salinity doubles in Bangladesh's coastal belt. EJC - Online.
Development in salt stressed wheat. Crop Sci. 34: 1594-1603.

Allen, R. D. (1995). Dissection of oxidative stress tolerance using transgenic plants.
Plant Physiol. 107: 1049-1054.

Al-Mudaris, M. (1998). Notes on various parameters recording the speed of seed
germination. Der Tropenlandwirt. 99: 147-54.

Al-Musa, M. A. A., Ullah, M. A., Moniruzzaman, M., Islam, M. S. and Mukheejee, A.
(2012). Effect of BARI wheat varieties on seed germination, growth and yield
under Patuakhali District. J. Environ. Sci. Nat. Resources. 5: 209-212.

Amtmann, A. and Sanders, D. (1999). Mechanism of Na* uptake by plant cells. Adv. Bot.
Res. 29: 76-104.

Anbumalarmathi, J. and Mehta, P. (2013). Effect of Salt Stress on Germination of indica
Rice Varieties. J. Biol. Sci. 6: 1-6.

Ansari, O., Choghazardi, H. R., Sharif-Zadeh, F. and Nazarli, H. (2012). Seed reserve
utilization and seedling growth of treated seeds of mountain ray (Secale
montanum) as affected by drought stress. Cercet Agronomice Moldova. 2(150):
43-48.

AOSA (Association of Official Seed Analysts). (2009). Rules for testing seeds

(Association of Official Seed Analysts, Inc. Ithaca, NY). pp. 223-229.
Apse, M. P., Aharon, G. S., Sneddon, W. A. and Blumwald, E. (1999). Salt tolerance

conferred by over expression of a vacuolar Na'/H™ antiport in Arabidopsis.
Science. 285: 1256-1258.

Asada, K. (2006). Production and scavenging of reactive oxygen species in chloroplasts
and their functions. Plant Physiol. 141: 391-396.

69



Asch, F., Dingkuhn, M., Dorffling, K. and Miezan, K. (2000). Leaf K/Na ratio predicts
salinity induced yield loss in irrigated rice. Euphytica. 113: 109-118.

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

Ashraf, M. (2002). Exploitation of genetic variation for improvement of salt tolerance in
spring wheat. In: Prospects for Saline Agriculture. pp. 113-121. Ahmad, R., and
Malik, K. A., Eds. Kluwer Academic Publishers, Dordrecht.

Ashraf, M. and Fooland, M. R. (2005). Presowing treatment a short gun approach to
improve germination under saline and non-saline conditions. Adv Agron. 88: 223-
271.

Ashraf, M. and Harris, P. (2009). Potential biochemical indicators of salinity tolerance in
plants. Plant Sci. 16: 3-16.

Ashraf, M. and O’Leary, J. W. (1996). Responses of some newly developed salt tolerant
genotypes of spring wheat to salt stress. 1. Yield components and ion distribution.
J. Agron. Crop Sci. 176: 91-101.

Aymen, E. M. and Cherif, H. (2013). Influence of seed priming on emergence and growth
of coriander (Coriandrum sativum L.) seedlings grown under salt stress. Acta
Agriculturae Slovenica. 101(1): 41 - 47.

Azevedo, N. A. D., Gomes, F. E. and Prisco, J. T. (2008). Salinity and oxidative Stress.
In: Khan, N. A. and Singh, S. (eds.) Abiotic stress and plant responses, pp. 58-82.
IK International, New Delhi.

Azevedo, N. A. D., Prisco. J. T., Eneas-Filho, J., Medeiros, J. R. and Gomes, F. E.
(2005). Hydrogen peroxide pre-treatment induces salt stress acclimation in maize
plants. J. Plant Physiol. 162: 1114-1122.

Baker, N. R. (2008). Chlorophyll fluorescence: a probe of photosynthesis in vivo. Annu.
Rev. Plant Biol. 59: 89-113.

Baker, N. R. and Rosenqvist, E. (2004). Applications of chlorophyll fluorescence can
improve crop production strategies: an examination of future possibilities. J. Exp.
Bot. 55(403): 1607-1621.

70



Basra, S. M. A., Afzal, I, Rashid, A. R. and Farooq, M. (2005). Presowing seed
treatment to improve germination and seedling growth in wheat (Triticum

aestivum L.). Cadernode Pesquisa Ser. Bio. Santa Cruz de Sul. 17: 155-164.

Basra, S. M. A., Faroog, M. and Khalig, A. (2003). Comparative study of pre-sowing
seed enhancement treatment in indica rice (Oryza sativa L.). Pakistan J. Life Soc.
Sci. 1(1): 5-9.

BBS (Bangladesh Bureau of Statistics). (2014). Statistical Year Book of Bangladesh.
BBS Div. Min. Plan., Govt. Peoples Repub. Bangladesh. pp. 37.

BINA. (2008). Screening of wheat genotypes based on salinity tolerance. Annual Report
of 2007-2008. Bangladesh Institute of Nuclear Agriculture (BINA), Mymensingh.
pp. 56.

Blaylock, A. D. (1994). Soil salinity, salt tolerance and growth potential of horticultural
and landscape plants. Co-operative Extension Service, University of Wyoming,
Department of Plant, Soil and Insect Sciences, College of Agriculture, Laramie,
Wyoming.

Booltink, H. W. G. and Verhagen, J. (1997). Using decision support system to optimize
barley management on spatial variable soil. In: M.J. Kropff et al. (eds.):
Applications of systems approaches at the Field levels, pp. 1-23. Kluwerr
Academics Publishers.

Borsani, O., Valpuesta, V. and Botella, M. A. (2003). Developing salt tolerant plants in a
new century: a molecular biology approach. Plant Cell, Tiss. Organ Cult. 73:
101-115.

Bose, J., Rodrigo-Moreno, A. and Shabala, S. (2013). ROS homeostasis in halophytes in
the context of salinity stress tolerance. J Exp. Bot. pp. 430.

Bozcuk, S. (1981). Effect of kinetin and salinity on germination of tomato, barley and
cotton seeds. Ann. Bot. 48: 81-84.

Chakraborty, K., Sairam, R. K. and Bhattacharya, R. C. (2012). Differential expression of
salt overly sensitive pathway genes determines salinity stress tolerance in

Brassica genotypes. Plant Physiol. Biochem. 51: 90-101.

71



Chatrath, R., Mishra, B., Ortiz, F. G., Singh, S. K. and Joshi, A. K. (2007). Challenges to
wheat production in South Asia. Euphytica. 157: 447-456.

Chen, T. H. and Murata, N. (2011). Glycinebetaine protects plants against abiotic stress:
mechanisms and biotechnological applications. Plant cell environ. 34(1): 1-20.

Chijioke, O. B. (2017). Genetic variation of traits related to salt stress response in Wheat
(Triticum aestivum L.). Genetic variability and identification of salt tolerance
QTL affecting ion uptake, leaf chlorophyll fluorescence and seed quality traits in
association mapping panel of wheat. pp. 103-137.

Chinnusamy, V., Zhu, J. and Zhu, J. K. (2006). Salt stress signaling and mechanisms of
plant salt tolerance. Genetic Engineering. 27: 141-177.

Christophe, B., Hayat, E.M.B., Francoise, C. (2008). From intracellular signaling
networks to cell death: the dual role of reactive oxygen species in seed
physiology. Compt. Rend. Biol. 331: 806-814.

Colmer, T. D., Flower, T. J. and Munns, R. (2006). Use of wild relatives to improve salt
tolerance in wheat. J. Exp. Bot. 57: 1059-1078.

Community Research and Development Information Service (CORDIS) European
Community. (2016). Genetic markers signal increased crop productivity potential.
Retrieved 1 June 2017. pp. 26-50.

Curtis., Rajaraman, B. C. and MacPherson, H. G. (2002). Bread Wheat Improvement and
Production No. 30. Food and Agriculture Organization of the United Nations.
Rome, ltaly. pp. 554.

Dalil, B. (2014). Response of medicinal plants to seed priming. Intl. J. Plant Anim.
Environ. Sci. 4(2): 741-745.

Day, L., Augustin, M. A., Batey, I. L. and Wrigley, C. W. (2006). Wheat-gluten uses and
industry needs. Trends in Food Sci. Technol. 17: 82— 90.

Debez, A., Chaibi, W. and Bouzid, S. ( 2001). Effect of NaCl and growth regulators on
germination of Atriplex halimus L. Chiers Agric. 10: 135-138.

Dreccer, M. F., Ogbonnaya, F. C. and Borgognone, G. (2004). Sodium exclusion in
primary synthetic wheats. pp. 118-121. In: Proceedings of 11th Wheat Breeding

Assembly, Symposium on Seeding the Future Conference, Sept. 21-24, Canberra,
Australia.

72


http://www.sciencedirect.com/science/article/pii/S0924224405002487
http://www.sciencedirect.com/science/article/pii/S0924224405002487

Dudley, L. M. (1994). Salinity in the soil environment. In: Handbook of plant and crop
stress (Ed.: Pessarakli, M.), Marcel Dekker, New York. pp. 13-30.

Eker, S., Heybet, E. H., Barut, H., Erdem, H. (2013). Effect of zinc on growth and
sodium, potassium and calcium concentrations of shoot in bread wheat under salt
stress. Fresenius Environ Bull. 22: 1622-1627.

Elhamid, E. M. A., Sadak, M. S. and Tawfik, M. M. (2014). Alleviation of Adverse
Effects of Salt Stress in Wheat Cultivars by Foliar Treatment with Antioxidant
2—Changes in Some Biochemical Aspects, Lipid Peroxidation, Antioxidant
Enzymes and Amino Acid Contents. Agric. Sci. 5: 1269-1280.

Epstein, E. (1966). Dual pattern of ion absorption by plant cells and by plants. Nature.
212: 1324-1327.

Ewase, A. E. S. (2013). Effect of Salinity Stress on Coriander (Coriandrum sativum)
Seeds Germination and Plant Growth. Egypt. Acad. J. Bio. Sci. 4(1): 1- 7.

Faijunnahar, M., Baque, M. A., Habib, M. A., Yeasmin, M. and Hossain, H. M. M. T.
(2017). Polyethyleneglycol (PEG) induced changes in germination, seedling
growth and water relation behavior of wheat (Triticum aestivum L.) genotypes.
Univ. J. Plant Sci. 5(4): 49-57.

FAO. (2008). Land and plant nutrition management service. Food and Agriculture
Organization, Roma, Italia, 2004.

FAO. (2014). Cereal supply and demand brief. Rome, Italy: United Nations, Food and
Agriculture Organization. World food situation: 8 December 2014. Retrieved 14
December2014.

Farhoudi, R., Modhej, A. and Afrous, A. (2015). Effect of salt stress on physiological and
morphological parameters of rapeseed cultivars. J. Sci. Res. Dev. 2: 111-117.

Faroog, M., Basra, S. M. A. and Hafeez, K. (2006). Seed invigoration by osmo-hardening
in fineand coarse rice. Seed Sci. Technol. 34: 181-186.
Faroog, M., Basra, S. M. A., Rehman, A. and Saleem, B. A. (2007). Seed priming

enhances the performance of late sown wheat (Triticum aestivum L.) by

improving chilling tolerance. J. Agron. Crop Sci. 194(1): 55-60.

73


http://www.fao.org/worldfoodsituation/csdb/en/

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

Flexas, J., Bota, J., Loreto, F., Cornic, G. and Sharkey, T. D. (2004). Diffusive and
metabolic limitations to photosynthesis under drought and salinity in C3 plants.
Plant Biology. 6: 269-279.

Flexas, J., Diaz-Espejo, A., Galmes, J., Kaldenhoff, R., Medrano, H. and Ribas-Carbo,
M. (2007). Rapid variations of mesophyll conductance in response to changes in
CO2 concentration around leaves. Plant Cell Environ. 30: 1284-1298.

Flint-Garcia, A. S., Thornsberry, J. M. and Buckler, E. S. (2003). Structure of linkage
disequilibrium in plants. Annu Rev. Plant Biol. 54: 357-374.

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.

Flowers, T. J. and Yeo, A. R. (1995). Breeding for salinity resistance in crop plants:
where next? Funct. Plant Biol. 22(6): 875-884.

Food and Agriculture Organization, Statistics Division (FAOSTAT), United Nations.
(2014). Archived fromthe originalon 6 September 2015. Retrieved 8

December 2016.
Freitas, V. S., Alencar, N. L. M., Lacerda, C. F., Prisco, J. T. and Gomes-Filho, E.

(2011). Changes in physiological and biochemical indicators associated with salt
tolerance in cotton, sorghum and cowpea. African J. Biochem. Res. 5: 264-271.

Gabarino, J. and Dupont, F. M. (1989). Rapid induction of Na"”H" exchange activity in
barley root tonoplast. Plant Physiol. 89: 1-4.

Gao, Y., Guo, Y. K., Lin, S. H., Fang, Y. Y. and Bai, J. G. (2010). Hydrogen peroxide
pretreatment alters the activity of antioxidant enzymes and protects chloroplast
ultrastructure in heat-stressed cucumber leaves. Scientia Horticulturae. 126: 20-
26.

Garg, S. K., Kalla, A. and Bhatnagar, A. (2002). Evaluation of raw and hydrothermically
processed leguminous seeds as supplementary feed for the growth of two Indian

major carp species. Aquaculture Res. 33(3): 151-163.

74


http://faostat.fao.org/site/567/DesktopDefault.aspx?PageID=567&amp;ancor

Garthwaite, A. J., Bothmer, V. R. and Colmer, T. D. (2005). Salt tolerance in wild
Hordeum species is associated with restricted entry of Na* and CI~ into the shoots.
J. Exp. Bot. 56: 2365-2378.

Genc, Y., Mcdonald, G. K. and Tester, M. (2007). Reassessment of tissue Na'
concentration as a criterion for salinity tolerance in bread wheat. Plant Cell
Environ. 30: 1486-1498.

Ghasemi, E., Ghahfarokhi, M. G., Darvishi, B. and Kazafi, Z. H. (2014). The effect of
hydro-priming on germination characteristics, seedling growth and antioxidant
activity of accelerated aging wheat seeds. Effect of hydro-priming on germination
wheat under accelerated aging. Cercetari Agronomice in Moldova. 47(4): 41-48.

Ghassemi-Golezani, K., Aliloo, A. A., Valizadeh, M. and Moghaddam, M. (2008).
Effects of hydro and osmo-priming on seed germination and field emergence of
lentil (Lens culinaris Medik.). Not. Bot. Hort. Agrobot. Cluj. 36(1): 29-33.

Godfray, H. C., Beddington, J. R., Crute, I. R., Haddad, L., Lawrence, D., Muir, J. F.,
Pretty, J., Robinson, S., Thomas, S. M. and Toulmin, C. (2010). Food security:
The challenge of feeding 9 billion people. Sci. 327(5967): 812-818.

Gomez, K. N. and Gomez, A. A. (1984). Statistical procedure for agricultural research.

John wiley and Sons, New York, second edition, pp. 68.

Gondim, F. A., Gomes-Filho, E., Costa, J. H., Alencar, N. L. M. and Prisco, J. T. (2012).
Catalase plays a key role in salt stress acclimation induced by hydrogen peroxide
pretreatment in maize. Plant Physiol. Biochem. 56: 62-71.

Gorham, J., Hardy, C., Jones, W. R. G., Joppa, L. R. and Law, C. N. (1987).
Chromosomal location of a K*'Na+ discrimination character in the D genome of
wheat. Theor. Appl. Genet. 74: 584-588.

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

Hort. Sci. 58: 393—-401.

Greenway, H. and Munns, R. (1980). Mechanisms of salt tolerance in non-halophytes.
Ann. Rev. Plant Physiol. 31: 149-190.

75


http://science.sciencemag.org/content/327/5967/812.full
http://science.sciencemag.org/content/327/5967/812.full

Guidi, L., Degl‘Innocenti, E. and Soldatini, G. F. (2002). Assimilation of CO2, enzyme
activation and photosynthetic electron transport in bean leaves, as affected by

high light and ozone. New Phytol. 156: 377-388.
Hakim, M. A., Juraimi, A. S., Begum, M., Hanafi., M. M., Ismail., M. R. and Selamat, A.

(2010). Effect of salt stress on germination and early seedling growth of rice
(Oryza sativa L.). African J. Biotechnol. 9(13): 1911-1918.

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

Hag, T. U., Gorham, J., Akhtar, J., Akhtar, N., Steele, K. A. (2010). Dynamic
quantitative trait loci for salt stress components on chromosome 1 of rice. Funct.
Plant Biol. 37: 634-645.

Haque, S. A. (2006). Salinity problems and crop production in coastal regions of
Bangladesh. Pakistan. J. Bot. 28: 1359-1365.

Hasan, M. M., Baque, M. A., Habib, M. A., Yeasmin, M. and Hakim, M. A. (2017).
Screening salt tolerant capability of wheat (Triticum aestivum) genotypes under
salt stress condition. Univ. J. Agric. Res. 5(4): 235-249.

Hasegawa, P. M., Breseen, R. A., Zhu, J. K. and Bohnert, H. J. (2000). Plant cellular
and molecular responses to high salinity. Ann. Rev. Plant Biol. 51(1): 463-499.

He, X., Chen, Z., Wang, J., Li, W., Zhao, J., Wu, J., Wang, Z. and Chen, X. (2015). A
sucrose: fructan-6-fructosyltransferase (6-SFT) gene from Psathyrostachys
huashanica confers abiotic stress tolerance in tobacco. Gene. 570(2): 239-247.

Hernandez, J. A., Olmos, E., Corpas, F., Sevilla, J. F. and Del, R. L. A. (1995). Salt
induced oxidative stress in chloroplasts of pea plants. Plant Sci. 105: 151-167.

Hollington, P. A. (2000). Technological breakthroughs in screening/breeding wheat
varieties for salt tolerance. In: Gupta, S. K., Sharma, S. K. and Tyagi, N. K. eds.
Proceedings of the National Conference _Salinity management in agriculture’,
December 1998. Central Soil Salinity Research Institute, Karnal, India. pp. 273—
289.

76



Hollington, P. A., Royo, A., Miller, T. E., Quarrie, S. A., Mahmood, A., Aragues, R.
(1994). The use of doubled haploid breeding techniques to develop wheat
varieties for saline areas. Proceedings of the 3" Congress of the European Society

of Agronomy. The Netherlands: Elsevier, pp. 156-157.
Huns, Y. H. and Sung, J. M. (1997). Biochemical activities associated with priming of

sweet corn seeds to improve vigor. Seed Sci. Technol. 21: 97-105.

ICARDA (The International Center for Agriculture Research in the Dry Areas). (2005).
ICARDA Annual Report (2004) International Center for Agricultural Research in
the Dry Areas, Aleppo, Syria. pp. 121.

Im, C. H., Kim, M. K., Kim, K. H., Cho, S. J,, Lee, J. J. and Joung, W. K. ( 2014).
Breeding of Pleurotus eryngii with a high temperature tolerance trait. J.
Mushrooms. 12: 187-192.

Igbal, M. and Ashraf, M. (2007). Presowing seed treatment with cytokinins and its effect
on growth, photosynthetic rate, ionic levels and yield of two wheat cultivars
differing in salt tolerance. J. Integr. Plant Bio. 47: 1315-1325.

Igbal, N., Ashraf, M., Ashraf, M. Y. and Azam, F. (2005). Effect of exogenous supply of
glycinebetaine on capitulum size and achene number of sunflower under water
stress. Int. J. Biol. Biotech. 2: 765-771.

Ismail, A. M. (2003). Effect of salinity on physiological responses of selected
lines/variety of wheat . Acta Agron. 51: 1-9.

James, R. A., Munns, R., Caemmerer, V. S., Trejo, C., Miller, C. and Condon, T. A. G.
(2006). Photosynthetic capacity is related to the cellular and subcellular
partitioning of Na™ K™ and CI” in salt-affected barley and durum wheat. Plant Cell
Environ. 29: 2185-2197.

Jamil, A., Riaz, S., Ashraf, M. and Foolad, M. R. (2011). Gene expression profiling of
plants under salt stress. Plant Sci. 30(5): 435-458.

Jamil, M. and Rha, E. S. (2007). Response of transgenic rice at germination and early
seedling growth under salt stress. Pakistan J. Biol. Sci. 10: 4303-4306.

77



Jighly, A., Oyiga, B. C., Makdis, F., Nazari, K., Youssef, O., Tadesse, W., Abdalla, O.
and Ogbonnaya, F. C. (2015). Genome-wide DArT and SNP scan for QTL
associated with resistance to stripe rust (Puccinia striiformis f. sp. tritici) in elite
ICARDA wheat (Triticum aestivum L.) germplasm. Theor. Appl. Genet. 128(7):
1277-1295.

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

Jones, R. G. W., Gorham, J. (2002). Intra- and intercellular compartmentation of ions — a
study in specificity and plasticity. In: Lauchli A, Luttge U, editors. Salinity:
environment—plants—molecules. Dordrecht: Kluwer Academic Publishers. pp.

159-80.
Jones, W. R. G. and Gorham, J. (1983). Aspects of salt and drought tolerance in higher

plants. In: Kosuge, T., Meredith, C. P. and Hollaender, A. (Eds.), Genetic
Engineering of Plants, an Agricultural Perspective, Plenum Press, New York, pp.
355-370.

Karim, Z., Hussain, S. G. and Ahmed, M. (1990). Salinity problems and crop
intensification in the coastal regions of Bangladesh, BARC, soil publication No.
33. pp. 63.

Karley, A. J., Leigh, R. A. and Sanders, D. (2000). Differential ion accumulation and ion
fluxes in the mesophyll and epidermis of barley. Plant Physiol. 122: 835-844.

Kaufman, M. R. and Ross, K. J. (1970). Water potential temperature and kinetin effects
on seed germination in soil and solute system. American J. Bot. 57: 413-419.

Kaur, S., Gupta, A. K. and Kaur, N. (2002). Effect of osmo and hydro-priming of
chickpea seeds on seedling growth and carbohydrayte metabolism under water
deficit stress. Plant Growth Reg. 37: 17-22.

Kaur, S., Gupta, A. K. and Kaur, N. (2006). Effect of hydro- and osmopriming of
chickpea (Cicer arietinum L.) seeds on enzymes of sucrose and nitrogen
metabolism in nodules. Plant Growth Reg. 49: 177-182.

Khan, A. A. (1992). Preplant physiological conditioning. Hortic Rev. 13: 131-181.
Khatkar, P. and Kuhad, M. S. (2000). Stage sensitivity of wheat cultivars to short terms
salinity stress. Indian J. Plant Physiol. 5(1): 26-31.

78



Kilic, S. and Kahraman, A. (2016). The mitigation effects of exogenous hydrogen
peroxide when alleviating seed germination and seedling growth inhibition on
salinity-induced stress in barley. Pol. J. Environ. Stud. 25(3): 1053-1059.

Kobaissi, A. N., Kanso, A. A. and Kanbar, H. J. (2014). Translocation Of Heavy Metals
In Zea mays L. Treated With Wastewater and Consequences On
Morphophysiological Aspects. Revista Internacional de Contaminacion
Ambiental. 30(2): 297-305.

Koyro, H. W. (2006). Effect of salinity on growth, photosynthesis, water relations and
solute composition of the potential cash crop halophyte Plantago coronopus (L.).
Environ. Exp. Bot. 56: 136-146.

Kumar, M., Choi, J. Y., Kumari, N., Pareek, A. and Kim, S. R. (2015). Molecular
breeding in Brassica for salt tolerance: importance of microsatellite (SSR)
markers for molecular breeding in Brassica. Frontiers in plant science. 6: 688.

Kumari, P. H., Kumar, S. A., Suravajhala, P., Jalaja, N., Giri, P. R. and Kishor, P. K.
(2014). Contribution of bioinformatics to gene discovery in salt stress responses

in plants. In Agricultural Bio-informatics, Springer India. pp. 109-127.
Lacerda, C. F., Oliveira, H. P. M., Oliveira, T. S. and Gomes-Filho, E. (2003).

Crescimento e acumulo de ions em folhas de sorgo forrageiro submetido a
solucdes iso-osmoticas de sais (NaCl + KCI). Revista Ciéncia Agronémica. 34: 1-
6.

Lawlor, D. W. and Cornic, G. (2002). Photosynthetic carbon assimilation and associated
metabolism in relation to water deficits in higher plants. Plant Cell Environ. 25:
275-94.

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.

Li, S. W., Xue, L. G., Xu, S. J. and An, L. Z. (2009). Hydrogen peroxide acts as a signal
molecule in the adventitious root formation of mung bean seedlings. Environ. exp.
Bot. 65: 63-71.

Liheng, H., Zhigiang, G. and Runzhi, L. (2009). Pretreatment of seed with H20:
enhances drought tolerance of wheat (Triticum aestivum L.) seedlings. African J.
Biotechnol. 8(22): 6151-6157.

79



Liu, X., Huang, W., Niu, Z.,, Mori, S. and Tadano, T. (2008). Interactive effect of
moisture levels and salinity levels of soil on the growth and ion relation of
halophyte. Communication in Soil Sci. Plant Anal. 39: 741-752.

Long, N. V., Dolstra, O., Malosetti, M., Kilian, B., Graner, A., Visser, R.G. and Linden,
V. C. G. (2013). Association mapping of salt tolerance in barley (Hordeum
vulgare L.). Theor. Appl. Genet. 126(9): 2335-2351.

Lu, J., Li, X. N,, Yang, Y. L, Jia, L. Y., You, J. and Wang, W. R. (2013). Effect of
hydrogen peroxide on seedling growth and antioxidants in two wheat cultivars.
Biologia Plantarum. 57(3): 487-494.

Maggio, A., Hasegawa, P. M., Bressan, R. A., Consiglio, M. F. and Joly, R. J. (2001).
Unravelling the functional relationship between root anatomy and stress tolerance.
Funct. Plant Biol. 28(10): 999-1004.

Mahar, A. R., Hollington, P. A., Virk, D. S. and Witcombe, J. R. (2003). Selection for
early heading and salt tolerance in bread wheat. Cereal Res. Communications. 31.:
81-88.

Maischak, H., Zimmermann, M. R., Felle, H. H., Boland, W. and Mithofer, A. (2010).
Alamethicin-induced electrical long distance signaling in plants. Plant Signal
Behav. 5: 988-990.

Mano, Y., Nakazumi, H. and Takeda, K. (1996). Varietal variation and effects of some
major genes on salt tolerance at the germination stage in barley. Breeding Sci. 46:
227-233.

Mantri, N. L., Ford, R., Coram, T. E. and Pang, E. C. K. (2010). Evidence of unique and
shared responses to major biotic and abiotic stresses in chickpea. Environ. Exp.
Bot. 69(3) :286-292.

Maser, P., Eckelman, B., Vaidyanathan, R., Horie, T., Fairbairn, D. J., Kubo, M., and
Robertson, W. (2002). Altered shoot/root Na® distribution and bifurcating salt

sensitivity in Arabidopsis by genetic disruption of the Na* transporter AtHKT1.
FEBS letters. 531(2): 157-161.

80



Mazid, A., Amegbeto, K. N., Keser, M., Morgounov, A., Peker, K. and Bagci, A. (2009).
Adoption and impacts of improved winter and spring wheat varieties in Turkey.
International Center for Agricultural Research in the Dry Areas (ICARDA):
Aleppo, Syria.

Mba, C., Afza, R., Jain, S. M., Gregorio, G. B. and Zapata-Arias, F. J. (2007). Induced
mutations for enhancing salinity tolerance in rice. In Advances in Molecular
Breeding toward Drought and Salt Tolerant Crops. Springer Netherlands. pp.
413-454,

McCue, K. F. and Hanson, A. D. (1990). Drought and salt tolerance: towards
understanding and application. Trends Biotechnol. 8: 358-362.

Meloni, D. A., Oliva, M. A., Martinez, C. A., Cambraia, J. (2003). Photosynthesis and
activity of superoxide dismutase, peroxidase and glutathione reductase in cotton
under salt stress. Environ. Exp. Bot. 49: 69-76.

Meriem, B. F., Kaouther, Z., Cherif, H., Tijani, M. and Andre, B. (2014). Effect of
priming on growth, biochemical parameters and mineral composition of different
cultivars of coriander (Coriandrum sativum L.) under salt stress. J. Stress Physiol.
Biochem. 10(3): 84-109.

Mian, A., Oomen, R. J., Isayenkov, S., Sentenac, H., Maathuis, F. J. and Very, A. A.
(2011). Over-expression of an Na‘and K*'permeable HKT transporter in barley
improves salt tolerance. The Plant J. 68(3): 468-479.

Miller, G., Shulaev, V. and Mittler, R. (2008). Reactive oxygen signaling and abiotic
stress. Physiologia Plantarum. 133: 481-489.

Mittler, R., Vanderauwera, S., Suzuki, N., Miller, G., Tognetti, V. B., Vandepoele, K.,
Gollery, M., Shulaev, V. and Breusegem, V. F. (2011). ROS signaling: the new
wave? Trends Plant Sci. 16: 300-309.

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

Moller, I. M., Jensen, P. E. and Hansson, A. (2007). Oxidative modifications to cellular

components in plants. Ann. Rev. Plant Biol. 58: 459-481.

81



Moud, A. M. and Maghsoudi, K. (2008). Salt stress effects on respiration and growth of
germinated seeds of different wheat (Triticum aestivum L.) cultivars. World J.
Agril. Sci. 4(3): 351-358.

Mouradi, M., Farissi, M., Bouizgarel, A., Makoudi, B., Kabbadj, A. and Very, A. A.
(2016). Effects of water deficit on growth, nodulation and physiological and
biochemical processes in Medicago sativa-rhizobia symbiotic association. Arid
Land Res. Management. 30(2): 193-208.

Muhling, K. H. and Lauchli, A. (2003). Interaction of NaCl and Cd stress on
compartmentation pattern of cations, antioxidant enzymes and proteins in leaves
of two wheat genotypes differing in salt tolerance. Plant Soil. 253(1): 219-231.

Munns, R. and Gilliham, M. (2015). Salinity tolerance of crops—what is the cost? New
Phytologist. 208(3): 668-673.

Munns, R. and James, R. A. (2003). Screening methods for salinity tolerance: a case
study with tetraploid wheat. Plant Soil. 253: 201-218.

Munns, R. and Termaat, A. (1986). Whole-Plant Responses to Salinity. Functional Plant
Biol. 13(1): 143-160.

Munns, R. and Tester, M. (2008). Mechanisms of salinity tolerance. Ann. Rev. Plant Biol.

59: 651-681.
Munns, R., Guo, J., Passioura, J. B. and Cramer, G. R. (2000). Leaf water status controls

day-time but not daily rates of leaf expansion in salt-treated barley. Australian J.
Plant Physiol. 27: 949-957.

Munns, R., James, R. A. and Lauchli, A. (2006). Approaches to increasing the salt
tolerance of wheat and other cereals. J. Exp. Bot. 57: 1025-1043.

Munns, R., James, R. A., Xu, B., Athman, A., Conn, S. J., Jordans, C., Byrt, C. S., Hare,
R. A, Tyerman, S. D., Tester, M. and Plett, D. (2012). Wheat grain yield on
saline soils is improved by an ancestral Na* transporter gene. Nature biotechnol.
30(4): 360-364.

Nahar, K., Hasanuzzaman, M. and Fujita, M. (2016a). Roles of osmolytes in plant
adaptation to drought and salinity. In: Osmolytes and Plants Acclimation to
Changing Environment: Emerging Omics Technologies (Eds.) Igbal, N., Nazar,
R. and Khan, N. Springer Publishers, India. pp. 3768.

82


https://www.intechopen.com/books/references/abiotic-stress-in-plants-mechanisms-and-adaptations/salinity-stress-and-salt-tolerance#B52
https://www.intechopen.com/books/references/abiotic-stress-in-plants-mechanisms-and-adaptations/salinity-stress-and-salt-tolerance#B52

Nahar, M., Yeasmin, M., Baque, A., Quamruzzaman, M., Rahman, A., Azad, M. J. and
Biswas, P.K. (2016b). Induction of drought tolerance: optimization of pre-
sowing priming time on the germination behavior of BARI Gom 27 (Triticum
aestivum L.). American-Eurasian J. Agric. Environ. Sci. 16(5): 1025-1029.

Nakano, Y. and Asada, K. (1981). Hydrogen peroxide is scavenged by ascorbate-specific
peroxidase in spinash chloroplasts. Plant Cell Physiol. 22: 867-880.

Nawaz, K., Talat, A., Hussain, I. K. and Majeed, A. (2010). Induction of Salt Tolerance
in Two Cultivars of Sorghum (Sorghum bicolor L.) by Exogenous Application of
Proline at Seedling Stage. World App. Sci. J. 10(1): 93-99.

Neill, S., Desikan, R. and Hancock, J. (2002). Hydrogen peroxide signaling. Curr. Opin.

Plant Biol. 5: 388-395.
Noctor, G., Foyer, C. H. (1998). Ascorbate and glutathione: keeping active oxygen under

control. Ann. Rev. Plant Physiol. 49: 249-279.

Noreen, Z. and Ashraf, M. (2009). Assessment of variation in antioxidative defense
system in salt treated pea (Pisum sativum L.) cultivars and its putative use as
salinity tolerance markers. J. Plant Physiol. 166: 1764-1774.

Nouman, W., Basra, S. M. A., Yasmeen, A., Gull, T., Hussain, S. B., Zubair, M. and Gul,
R. (2014). Seed priming improves the emergence potential, growth and
antioxidant system of Moringa oleifera under saline conditions. Plant Growth
Regul. 73(3): 267-278.

Ogbonnaya, F. C., Abdalla, O., Mujeeb-Kazi, A., Kazi, A. G., Xu, S. S., Gosman, N.,
Lagudah, E. S., Bonnett, D., Sorrells, M. E. and Tsujimoto, H. (2013). Synthetic
hexaploids: harnessing species of the primary gene pool for wheat improvement.
Plant Breed. Rev. 37: 35-122.

Omid, A. and Farzad, S. (2012). Osmo and hydro priming improvement germination
characteristics and enzyme activity of Mountain Rye (Secale montanum) seeds
under drought stress. J. Stress Physiol. Biochem. 8(4) :253-261.

Ort, D. R. (2001). When there is too much light. Plant Physiol. 125: 29-32.

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.

83



Perez-Rodriguez, L. (2009). Carotenoids in evolutionary ecology: re-evaluating the
antioxidant role. Bio Essays. 31: 1116-1126.

Petersen, L. and Shireen, S. (2001). Soil and water salinity in the coastal area of
Bangladesh. SRDI.

Ptazek, A., Tatrzanska, M., Maciejewski, M., Koscielniak, J., Gondek, K., Bojarczuk, J.
and Dubert, F. (2013). Investigation of the salt tolerance of new Polish bread and
durum wheat cultivars. Acta Physiol. Plant. 35: 2513-2523.

Qadir, M., Tubeileh, A., Akhtar, J., Larbi, A., Minhas, P. S. and Khan, M. A. (2008).
Productivity enhancement of salt-affected environments through crop
diversification. Land Degradation Development. 19: 429-453.

Quan, L., Zhang, B., Shi, W. and Li, H. (2008). Hydrogen peroxide in plants: a versatile
molecule of the reactive oxygen species network. J. Integr. Plant Biol. 50: 2-18.

Rahnama, A., Munns, R., Poustini, K. and Watt, M. (2011). A screening method to
identify genetic variation in root growth response to a salinity gradient. J. Exp.
Bot. 62(1): 69-77.

Rajpar, I., Khanif, Y. M., Soomro, F. M. and Soomro, F. M. (2006). Effect of NaCl
salinity on the growth and yield of inglab wheat (Triticum aestivum L.) variety.
American J. Plant Physiol. 1: 34-40

Rana, R. S. (1986). Evaluation and utilisation of traditionally grown cereal cultivars on
salt affected areas in India. Indian J. Genet. Plant Breed. 46: 121-135.

Rhodes, D., Nadolska-Orczyk, A. and Rich, P.J. (2002). Salinity, osmolytes and
compatible solutes. In: Lauchli, A. and Luttge, U. (edit). Salinity: environment-
plants—molecules. Dordrecht: Kluwer Academic Publishers. pp. 181-204.

Romero-Aranda, M. R., Jurado O. and Cuartero J. (2006). Silicon alleviates the
deleterious salt effect on tomato plant growth by improving plant water status. J.
Plant Physiol. 163: 847-855.

Roy, S. J., Negrao, S. and Tester, M. (2014). Salt resistant crop plants. Curr. Opin.
Biotechnol. 26: 115-124.

Rubio, F., Gassmann, W. and Schroeder, J. I. (1995). Sodium-driven potassium uptake by
the plant potassium transporter HKT1 and mutations conferring salt tolerance.
Science. 270: 1660-1663.

84



Saberi, A. R., Aishah, H. S., Halim, R. A. and Zaharah, A. R. (2011). Morphological
responses of forage sorghums to salinity and irrigation frequency. African J.
Biotechnol. 10(47): 96-98.

Saboora, A. and Kiarostami, K. (2006). Salinity tolerance of wheat genotype at
germination and early seedling growth. Pakistan J. Biol. Sci. 9(11): 2009-2021.

Sairam, R. K. and Tyagi, A. (2004). Physiology and molecular biology of salinity stress
tolerance in plants. Curr. Sci. 86: 407-421.

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.

Sangakkara, U. R., Hartwig, U. A. and Nosberger, J. (1996). Responses of root branching
and shoot water potentials of french bean (Phaseolus vulgaris L.) of soil moisture
and fertilizer potassium. J. Agron. Crop Sci. 177: 165-173.

Sangkuk, U. R., Harteing, U. A. and Nosberger, J. (1997). Response of root brancing and
shoot water potencials of freanch bean (Phasiolous vulgaris L.) to growth
regulator. J. Agron. Crop Sci. 177: 165-173.

Santa-Maria, G. E., Rubio, F., Dubcovsky, J. and Rodriguez-Navarro, A. (1997). The
HAK1 gene of barley is a member of a large gene family and encodes a high-
affinity potassium transporter. The Plant Cell. 9: 2281-2289.

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

Seiadat, S. A., Moosavi, A. and Sharafizadeh, M. (2012). Effect of seed priming on
antioxidant activity and germination characteristics of Maize seeds under different
aging treatments. Res. J. Seed Sci. 5(2): 51-62.

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

Shahbaz, M., Ashraf, M. and Athar, H. R. (2008). Does exogenous application of 24-
epibrassinolide ameliorate salt induced growth inhibition in wheat (Triticum
aestivum L.)? Plant Growth Reg. 55: 51-64.

85



Shahbaz, M., Ashraf, M., Akram, N. A., Hanif, A., Hameed, S., Joham, S. and Rehman,
R. (2010). Salt-induced modulation in growth, photosynthetic capacity, proline
content and ion accumulation in sunflower (Helianthus annuus L.). Acta Physiol.
Plant. 33: 1113-1122.

Shakirova, F. M. and Bezrukova, M. V. (1997). Induction of wheat resistance against
environmental salinization by salicylic acid. Biol. Bull. 24: 109-112.

Sharma, N., Gupta, N., Gupta, S. and Hasgawa, H. (2005). Effect of NaCl salinity on
photosynthetic rate, transpiration rate, and oxidative stress tolerance in contrasting
wheat genotypes. Photosynthetica. 43: 609-613.

Shewry, P. R. (2009). Wheat. Journal of Experimental Botany. 60(6):1537-1553.

Shewry, P. R. and Hey, S. J. (2015). Review: The contribution of wheat to human diet
and health. Food and Energy Security. 4(3): 178-202.

Shi, H., Quintero, F. J., Pardo, J. M., Zhu, J. K. (2002). The putative plasma membrane
Na*’H* antiporter SOS1 controls long distance Na* transport in plants. Plant Cell.
14: 465-477.

Shirazi, M. U., Asif, S. M., Khanzada, B., Khan, M. A., Ali, M., Mumtaj, S., Yousufazali,
M. N. and Saif, M. S. (2001). Growth ion accumulation in some wheat genotypes
under NaCl stress. Pakistan J. Biol. Sci. 4: 388-91.

Silva, E. N., Ribeiro, R. V., Ferreira-Silva, S. L., Viegas, R. A. and Silveira, J. A. G.
(2011). Salt stress induced damages on the photosynthesis of physic nut young
plants. Scientia Agricola. 68: 62-68.

Singh, A. K. and Dubey, R. S. (1995). Changes in chlorophyll a and b contents and
activities of photosystems | and 1l in rice seedlings induced by NaCl.
Photosynthetica. 31: 489-499.

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

Sivritepe, H. O., Sivritepe, N., Eris, A. and Turhan, E. (2005). The effects of NaCl pre-
treatment on salt tolerance of melons grown under long term salinity. Sci. Hortic.
106: 568-581.

86


http://onlinelibrary.wiley.com/doi/10.1002/fes3.64/pdf
http://onlinelibrary.wiley.com/doi/10.1002/fes3.64/pdf

Smart, R. E. (1974). Rapid estimates of relative water content. Plant Physiol. 53: 258-
260.

Soil Resources Development Institute (SRDI) (2010). Saline Soils of Bangladesh; SRDI,
Ministry of Agriculture: Dhaka, Bangladesh.

Soil Science Society of America (SSSA). (1997). Glossary of Soil Science Terms. SSSA,
Madison, WI. pp. 134.

Song, J., Shi, G., Xing, S., Yin, C., Fan, H. and Wang, B. (2009). Ecophysiological
responses of the euhalophyte Suaeda salsa to the interactive effects of salinity and
nitrate availability. Aquat. Bot. 91(4): 311-317.

Soto-Cerda, B. J. and Cloutier, S. (2012). Association Mapping in Plant Genomes,
Genetic Diversity in Plants, Prof. Mahmut Caliskan (Ed.), ISBN: 978-953-51-

0185-7, InTech, Available from: http://www.intechopen.com/books/genetic-
diversity-in-plants/association-mapping-in-plant-genomes.

Staal, M., Maathuis, F. J. M., Elzenga, T. M., Overbeek, H. M. and Prins, H. B. A.
(1991). Na'/H" antiport activity in tonoplast vesicles from roots of the salt-
tolerant Plantago maritime and the salt-sensitive Plantago media. Physiol. Plant.
82: 179-184.

Tabatabaei, S. A. (2013). Effect of osmo-priming on germination and enzyme activity in

barley (Hordeum vulgare L.) seeds under drought stress conditions. J. Stress
Physiol. Biochem. 9: 25-31.

Tester, M. and Davenport, R. (2003). Na" tolerance and Na" transport in higher plants.
Ann. Bot. 91: 503-527.

Thakral, N. K., Singh, H., Chabra, M. L. and Singh, H. (1996). Effect of salinity on seed
yield, its component characters and oil content in Ethiopian mustard. Crop
Improv. 23: 131-134.

Uchida, A., Jagendorf, A. T., Hibino, T. and Takabe, T. (2002). Effects of hydrogen
peroxide and nitric oxide on both salt and heat stress tolerance in rice. Plant Sci.
163: 515-523.

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. African J. Biotechnol. 10(79): 18122-18129.

87


http://www.intechopen.com/books/genetic-diversity-in-plants/association-mapping-in-plant-genomes
http://www.intechopen.com/books/genetic-diversity-in-plants/association-mapping-in-plant-genomes

UNEP. (2008). In Dead Water. Merging of Climate Change with Pollution, Over-Harvest
and Infestations in the World‘s Fishing Grounds. UNEP/GRID-Arendal, Arendal,
Norway. Accessed on the 20 January 2009.

Ungar, I. A. (1985). Salinity, temperature and growth regulator effects on seed
germination of Salicornia europaeah. Ag. Bot. 3: 329-335.

Waditee, R., Hibino, T., Tanaka, Y., Nakamura, T., Incharoensakdi, A. and Takabe, T.
(2001). Halotolerant cyanobacteriumAphanothece halophytica contains an Na*H*
antiporter, homologous to eukaryotic ones, with novel ion specificity affected by
C-terminal tail. J. Biol. Chem. 276: 36931-36938.

Wahid, A. and Ghazanfar, A. (2006). Possible involvement of some secondary
metabolites in salinity tolerance of sugarcane. J. Plant. Physiol. 163: 723-730.

Wahid, A., Hameed, M. and Rasul, E. (2004). Salt-induced injury symptoms, changes in
nutrient and pigment composition, and yield characteristics of mungbean. Int. J.
Agric. Biol. 6: 1143-52.

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

Walia, H., Wilson, C., Condamine, P., Liu, X., Ismail, A. M., Zeng, L. and Close, T. J.
(2005). Comparative transcriptional profiling of two contrasting rice genotypes
under salinity stress during the vegetative growth stage. Plant Physiol. 139(2):
822-835.

Wang, M., Zheng, Q., Shen, Q. and Guo, S. (2013a). The critical role of potassium in
plant stress response. Int. J. Mol. Sci. 14(4): 7370-7390.

Wang, Z., Wang, M., Liu, L. and Meng, F. (2013b). Physiological and proteomic
responses of diploid and tetraploid black locust (Robinia pseudoacacia L.)
subjected to salt stress. Int. J. Mol. Sci. 14: 20299-20325.

Weisany, W., Sohrabi, Y., Heidari, G., Siosemardeh, A. and Ghassemi-Golezani, K.
(2012). Changes in antioxidant enzymes activity and plant performance by
salinity stress and zinc application in soybean (Glycine max L.). Plant Omic. J. 5:
60-67.

88



Weisany, W., Sohrabi, Y., Heidari, G., Siosemardeh, A., Ghassemi-Golezani, K. (2011).
Physiological responses of soybean (Glycine max L.) to zinc application under
salinity stress. Aust. J. Crop Sci. 5: 1441-1447.

Wilson, C. and Shannon, M. C. (1995). Salt-induced Na*/H* antiport in root plasma

membrane of a glycophytic and halophytic species of tomato. Plant Sci. 107:
147-157.

Xiong, L. and Zhu, J. K. (2002). Molecular and genetic aspect of plant responses to
osmotic stress. Plant Cell Environ. 25: 131-139.

Yadav, S., Irfan, M., Ahmad, A. and Hayat, S. (2011). Causes of salinity and plant
manifestations to salt stress: a review. J. Environ. Biol. 32(5): 667.

Zhao, J., Ren, W., Zhi, D., Wang, L. and Xia, G. (2007). Arabidopsis DREB1A/CBF3
bestowed transgenic tall rescue increased tolerance to drought stress. Plant Cell
Rep. 26: 1521-1528.

Zhu, J. K. (2003). Regulation of ion homeostasis under salt stress. Curr. Opin. Plant Biol.
6: 441-445.

Ziyaev, Z., Sharma, R. C., Amanov, A., Ziyadullaev, Z., Khalikulov, Z. and
Musurmonov, D. (2013). Seedling and adult plant resistance to stripe rust among

winter wheat commercial cultivars and advanced breeding lines in Uzbekistan.

BGRI 2013 Technical Workshop 19-22 August, New Delhi.

89



Appendix 1. Monthly records of temperature, rainfall, and relative

APPENDICES

humidity of the experiment site during the period of October 2016

Year Month Air Temperature ('c) Relative | Rainfall | Sunshine
_ — humidity (mm) (hour)
Maximum | Minimum | Mean
(%)
2016 October 29.5 18.5 24.0 69.5 0.0 233.2
2016 | December 26.4 15.6 21.0 68.6 0.0 230.4

Source: Bangladesh Meteorological Department (Climate division), Agargaon, Dhaka-1212.

Appendix 1. Mean squares value for germination percentage (%) of wheat
genotypes at different level priming (H-O2 and Water) and non-
priming (control) seeds

Mean squares of germination percentage (%) at different priming solution

Sources
of Df
variation
Control Water 2ml 4 ml 6 ml 8ml 10 ml
Treatment | 2 | 160.158** | 143.212** | 110.867** | 108.923** | 194.317** | 177.127** | 277.855
Error 12 11.347 10.290 9.631 5.455 10.590 6.577 5.525
**Significant at 1% level of significance
NS Non significant
Appendix 1. Mean squares value for shoot length (mm) of wheat genotypes at
different level of priming (H202 and Water) and non-priming
(control) seeds
Mean squares of shoot length (mm) at different priming solution
Sources
of Df
variation
Control Water 2ml 4 ml 6 ml 8ml 10 ml
Treatment | 2 | 434.195** | 816.821** | 462.349** | 715.261** | 695.921** | 1752.200** | 152.899**
Error 12 26.517 34.756 23.841 30.668 17.188 35.579 10.915

**Significant at 1% level of significance

NS Non significant
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Appendix 1V. Mean squares value for root length (mm) of wheat genotypes at
different level of priming (H20. and Water) and non-priming
(control) seeds

Mean squares of root length (mm) at different priming solution

Sources
of Df
variation
Control Water 2ml 4 ml 6 ml 8ml 10 mi
Treatment | 2 | 228.659** | 547.213** | 599.76** | 221.846** | 261.716** | 1647.948** | 3514.035**
Error 12 14.423 18.845 38.623 22.338 20.245 16.735 6.737

**Significant at 1% level of significance

NS Non significant

Appendix V. Mean squares value for shoot dry weight (g) of wheat genotypes at
different level of priming (H20. and Water) and non-priming

(control) seeds

Mean squares of shoot dry weight (g) at different priming solution

Sources
of Df
variation Control | Water 2ml 4 ml 6 ml 8ml 10 ml
Treatment | 2 0.000** | 0.000** | 0.000** | 0.000** 0.000** 0.000** | 0.000**
Error 12 0.000 0.000 0.000 0.000 0.000 0.000 0.000

**Significant at 1% level of significance

NS Non significant

Appendix VI. Mean squares value for root dry weight (g) of wheat genotypes at
different level of priming (H202 and Water) and non-priming

(control) seeds

Mean squares of root dry weight (g) at different priming solution

Sources
of Df
variation Control | Water 2ml 4 ml 6 ml 8ml 10 ml
Treatment | 2 0.000** 0.000** | 0.000** | 0.000** 0.000** 0.000** 0.000**
Error 12 0.000 0.000 0.000 0.000 0.000 0.000 0.000

**Significant at 1% level of significance

NS Non significant
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Appendix VII. Mean squares value for relative water content (%) of wheat
genotypes at different level of priming (H.O2 and Water) and non-
priming (control) seeds

Sources Mean squares of relative water content (%) at different priming solution

of Df
variation

Control | Water 2ml 4 ml 6 ml 8ml 10 ml

Treatment 2 328.623** | 228.347 | 122.461** | 131.213** | 118.819** | 295.462** | 649.154**

Error 12 10.479 7.838 3.284 13.660 8.992 7.728

**Significant at 1% level of significance
NS Non significant

Appendix VIII. Mean squares value for water saturation deficit (%) of wheat
genotypes at different level of priming (H20. and Water) and non-
priming (control) seeds

Sources Mean squares of water saturation deficit (%) at different priming solution
of Df
variation Control Water 2ml 4 ml 6 ml 8mi 10 ml

Treatment 2 328.623** | 228.347** | 122.461** | 131.213** | 118.819** | 295.462** | 649.154

**

Error 12 2.272 1.086 0.244 0.617 0.477 3.137 4.244

**Significant at 1% level of significance
NS Non significant

Appendix IX. Mean squares value for water retention capacity of wheat genotypes
at different level of priming (H20: and Water) and non-priming
(control) seeds

Sources Mean squares of water retention capacity at different priming  solution
of df
variation Control | Water 2ml 4 ml 6 ml 8ml 10 ml
Treatment 5 22.473%* | 38.702** [60.979** | 47.338** | 35.210** | 18.858 ** |14.512**
Error 12 0.161 0.403 0.850 0.590 0.760 0.185 0.188

**Significant at 1% level of significance
NS Non significant
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Appendix X. Mean squares value for coefficient velocity of germination of
wheat genotypes at different level of priming (H20. and Water)

and non-priming (control) seeds
Mean squares of coefficient velocity of germination at different

Sources VI '
of df | priming solution
variation Control | Water 2ml 4ml 6 ml gml 10 ml
Treatment 2 24.755** | 7.726** 4.615** 6.166** 5.133** | 20.488** 9.081**
Error 12 0.210 0.421 0.289 0.461 0.407 0.617 0.360

**Significant at 1% level of significance

NS Non significant

Appendix XI. Mean squares value for vigor index of wheat genotypes at
different level of priming (H202 and Water) and non-priming
(control) seeds

Mean squares of vigor index at different priming solution

Sources
of Df
variation Control Water 2ml 4 mi 6ml 8ml 10 ml
5079.328** | 5904.93** | 5730.63** | 4093.61** | 2177.722**

Treatment 5 2609.51**| 20397.920**

44.169 62.624 23.685 19.334

Error 12 15.554 59.981 78.631

**Significant at 1% level of significance

NS Non significant

Appendix XI1. Mean squares value for germination percentage (%) of H20-
primed seed of wheat genotypes on different priming time

Mean squares of germination percentage (%)at different priming time

Sources
of Df [ O hour 3hours | 6 hours 9hours 12 hours | 15 hours
variation
(To) (Ta) (T2) (Ts) (Ta) (Ts)
Treatment | 44.349%* | 54447 277.754%* 187.985%* 255.342%*% | 223817
Error | 12 | 16.730 9.442 13.220 18.083 6.410 11.131

**Significant at 1% level of significance
NS Non significant
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Appendix XI11. Mean squares value for shoot length (mm) of H2O> primed

seed of wheat genotypes on different priming time

Mean squares of shoot length (mm ) at different priming time
Sources
of Df [ O hour 3 hours 6 hours 9 hours 12hours 15 hours
variation
(To) (Ta) (T2) (Ts) (Ta) (Ts)
Treatment 2839.91** 1011.887** 605.156** | 868.755** 659.651** | 1599.251**
Error 19.724 39.044 28.066 37.304 22.591 33.804
**Significant at 1% level of significance
NS Non significant
Appendix XIV. Mean squares value for root length (mm) of H2O> primed seed of
wheat genotypes on different priming time
Mean squares of root length (mm) at different priming time
Sources
of O hour 3 hours | 6 hours 9 hours 12 hours 15 hours
variation
(To) (T1) (T2) (Ts) (Ta) (Ts)
Treatment 271.454** | 301.714** 180.162** 198.426** 198.020** 842.870**
Error 12 19.207 24.440 34.262 29.266 40.725 15.309
**Significant at 1% level of significance
NS Non significant
Appendix XV. Mean squares value for shoot dry weight (g) of H.O2 primed seed of
wheat genotypes on different priming time
Mean squares of shoot dry weight (g) at different priming time
Sources of
variation | Df | © hour 3 hours 6 hours 9 hours 12 hours ﬁS
ours
(To) (Ta) (T2) (Ta) (Ta)
(Ts)
Treatment 9 0.000** 0.000** 0.000** 0.000** 0.000** 0.000**
Error 12 15.554 0.000 0.000 0.000 0.000 0.000

**Significant at 1% level of significance
NS Non significant
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Appendix XVI. Mean squares value for root dry weight (g) of H2O2 primed seed of
wheat genotypes on different priming time

Mean squares of root dry weight (g) at different priming time

Sources of of
variation O hour 3 hours | 6 hours 9 hours | 12 hours 15 hours
(To) (Ta) (T2) (Ts) (Ta) (Ts)
Treatment 2 0.000** 0.000** | 0.000** 0.000** 0.000** 0.000**
Error 12 0.000 0.000 0.000 0.000 0.000 0.000

**Significant at 1% level of significance

NS Non significant

Appendix XVII. Mean squares value for relative water content (%) of H2O; primed

seed of wheat genotypes on different priming time

Mean squares of relative water content (%) at different priming time

Sources
of Df | O hour 3 hours | 6 hours 9 hours | 12 hours | 15 hours
variation
(To) (Ta) (T2) (Ts) (Ta) (Ts)
Treatment 2 91.792** 123.555** | 137.687** 201.131** | 341.853** | 237.933**
Error 12 10.899 8.403 8.970 15.880 5.159 15.780

**Significant at 1% level of significance

NS Non significant

Appendix XVIII. Mean squares value for water saturation deficit (%) of H20:
primed seed of wheat genotypes on different priming time

Sources of

Mean squares of water saturation deficit (%) at different priming time

variation Df | O hour 3 hours | 6 hours 9 hours | 12 hours | 15 hours
(To) (Ta) (T2) (Ts) ((Ta) | (Ts)
Treatment 9 91.792** | 123.555** | 137.633** | 201.131** | 341.853** | 237.873**
Error 12 2.081 1.688 0.936 0.637 0.899 2.659

**Significant at 1% level of significance

NS Non significant
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Appendix XIX. Mean squares value for water retention capacity of H.O> primed seed
of wheat genotypes on different priming time

Mean squares of water retention capacity at different priming time

Sources
of Df [ O hour 3 hours | 6 hours 9 hours | 12 hours | 15 hours
variation
(To) (Ta) (T2) (Ts) (Ta) (Ts)
Treatment 2 9.458** | 16.019** 20.643** 40.612 ** | 14.095 ** 11.571**
Error 12 0.349 0.177 0.351 0.673 0.472 0.226

**Significant at 1% level of significance

NS Non significant

Appendix XX. Mean squares value for coefficient velocity of germination of H20;
primed seed of wheat genotypes on different priming time

Mean squares of coefficient velocity of germination at different

Sources priming time
of Df
. O hour 3 hours | 6 hours 9 hours | 12 hours | 15 hours
variation
(To) (Ta) (T2) (Ts) (Ta) (Ts)
Treatment 2 | 6.673** 9.282** | 2.614** 3.207** 5.078** 6.006**
Error 12 0.731 0.565 0.501 0.616 0.464 0.434

**Significant at 1% level of significance

NS Non significant

Appendix XXI. Mean squares value for vigor index of H2O. primed seed of

wheat genotypes on different priming time

Mean squares of vigor index at different priming time

Sources
of Df [ O hour 3 hours | 6 hours 9 hours | 12 hours | 15 hours
variation
(To) (Ta) (T2) (Ts) (Ts) (Ts)
Treatment 5 4436.538** | 3423.735%* | 6240.38** | 6334.19** | 6064.44** | 7817.315**
Error 12 64.743 120.306 115.131 86.398 74.039 129.385

**Significant at 1% level of significance

NS Non significant
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Appendix XXII. Mean squares value for germination percentage (%) of H>O> primed
seed of wheat genotypes under different level of salinity

Mean squares of germination percentage (%) at different salt

concentration

Source_s of of
variation 0dSm™ 5dSm™ | 10dSm™ 15dSm™ | 20dSm™
(So) (S1) (S2) (S3) (S4)
Treatment 2 120.867** 123.523 ** 76.136** 322.400 ** 294.163**
Error 12 12.100 19.027 12.867 9.967 11.173

**Significant at 1% level of significance
NS Non significant

Appendix XXIII. Mean squares value for shoot length (mm) of H2O, primed seed
of wheat genotypes under different level of salinity

Mean squares of shoot length (mm) at different salt concentration

Sources of
o Df [0dSm™ 5dSm?T [10dSm? [15dSm?T [20dSm*
variation
(So) (S1) (S2) (Ss) (S4)
Treatment 2 251.235%* 398.051 ** | 354.247 ** | 316.186** | 2140.584**
Error 12 41567 26.928 43.069 17.673 14.973

**Significant at 1% level of significance
NS Non significant

Appendix XXIV. Mean squares value for root length (mm) of H2O. primed seed of

wheat genotypes under different level of salinity

Mean squares of root length (mm) at different salt concentration

Sources of
o Df [0dSm™ 5dSm* 10dSm™T [ 15dSm?* 20 dSm™
variation
(So) (S1) ( S2) (S3) (Sa)
Treatment 9 299.277** 457.748 ** 1047.186** | 1025.964** | 1963.902**
Error 12 11.500 65.393 18.676 17.992 7.950

**Significant at 1% level of significance
NS Non significant
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Appendix XXV. Mean squares value for shoot dry weight (g) of H.O primed seed of
wheat genotypes under different level of salinity

Mean squares of shoot dry weight (g) at different salt
concentration
Sources of Df
variation 0dSm™ 5dSm™ 10dSm™ | 15dSm™ 20 dSm™
(So) (S1) (S2) (S3) (S4)
Treatment 2 0.000** 0.000** 0.000** 0.000** 0.000**
Error 12 0.000 0.000 0.000 0.000 0.000

**Significant at 1% level of significance
NS Non significant

Appendix XXVI. Mean squares value for root dry weight (g) of H202 primed seed of
wheat genotypes under different level of salinity

Mean squares of root dry weight (g) at different salt concentration
Sources of
e Df [0dSm™ 5dSm™ 10dSm™ [15dSm™ [20dSm™
variation
(So) (S1) (S2) (S3) (S4)
Treatment 2 0.000** 0.000** 0.000** 0.000 ** 0.000**
Error 12 0.000 0.000 0.000 0.000 0.000

**Significant at 1% level of significance
NS Non significant

Appendix XXVII. Mean squares value for relative water content (%) of H20. primed
seed of wheat genotypes under different level of salinity

Mean squares of relative water content (%) at different salt
Sources concentration
of df
- 0dSm™ 5dSm™ | 10dSm™ 15 dSm™ 20 dSm™
variation
(So) (S1) ( S2) (Se) (S4)
Treatment 112.468** 226.263** 311.892 ** 2487.48** 2273.88**
Error 12 10.605 11.451 11.784 8.59 5.88

**Significant at 1% level of significance
NS Non significant
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Appendix XXVIII. Mean squares value for water saturation deficit (%) of H.O>

primed seed of wheat genotypes under different level of salinity

concentration

Mean squares of water saturation deficit (%) at different salt

Source_s of Df
variation 0dSm™ 5dSm™ 10dSm™ [ 15dSm™ | 20dSm™
(So) (S1) (S2) (Ss) (S4)
Treatment 2 1715.67** 1937.64** 2328.34** | 337.499 ** | 629.377 **
Error 12 8.54 10.86 9.76 11.372 5.685

**Significant at 1% level of significance
NS Non significant

Appendix XXIX. Mean squares value for water retention capacity H>O> primed seed
of wheat genotypes under different level of salinity

Mean squares of water retention capacity at different salt

Sources concentration
f df
ot 0dSm™* 5dSm® | 10 dSm™* 15dSm?T [ 20dSm?
variation
(So) (S1) (S2) (Ss) (S4)
Treatment 2 8.377 ** 14.663** 23.250 ** 18.702 ** 31.377**
Error 12 0.343 0.349 0.217 0.274 0.133

**Significant at 1% level of significance
NS Non significant

Appendix XXX. Mean squares value for coefficient of velocity of germination of
H20: primed seed of wheat genotypes under different level of salinity

Mean squares of coefficient of velocity of germination at different
salt concentration

Source_s of Df
variation 0dSm™ 5dSm* [ 10dSm™ [15dSm™ |20dSm™
(So) (S1) (S2) (Ss) (S4)
Treatment 2 2.392** 2.705** 8.706** 11.508** 23.998**
Error 12 0.629 0.480 0.457 0.642 0.328

**Significant at 1% level of significance
NS Non significant
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Appendix XXXI. Mean squares value for vigor index of H,O primed seed of
wheat genotypes under different level of salinity

Mean squares of vigor index at different salt concentration

Sources of T T T T T
Variation Df | 0dSm 5dSm 10dSm 15dSm 20 dSm
(So) (S1) (S2) (S3) (S4)
Treatment 5 3406.197 ** | 3833.655** | 3718.656** | 5407.424** | 9098.260**
Error 12 125.597 156.625 54.301 33.776 34.888

**Significant at 1% level of significance
NS Non significant
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SOME PICTURES OF SALINITY EFFECT AT SEEDLING STAGE IN WHEAT

Plate 1: Experimental set up in the laboratory




(A)

(©)

Plate 2: Effect of different salinity level (0, 5, 10, 15 and 20 dSm-1) on H>O primed wheat seeds
showing in the petri dishes: (A) genotype, V1 = ESWYT 5, (B) genotype, V2 =ESWYT
6 and (C) genotype, V3 = BARI Gom 28.
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(A)

(B)

(©)

Plate 3: Seedling growth of H.O> primed seeds of wheat at 0, 5, 10, 15, and 20 dSm-1 NaCl
concentrations respectively from left side to right side: (A) genotype, V1 = ESWYT 5,
(B) genotype, V2 = ESWYT 6 and (C) genotype, V3 = BARI Gom 28.
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