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Chapter 1

INTRODUCTION
Among abiotic stresses, salinity is considered as the major abiotic stress affecting
agriculture productivity all over the world (Athar and Ashraf, 2009). The problem of soil
salinity is becoming worse as extent of salinized land is increasing worldwide (Munns and
Tester, 2008; Schwabe et al., 2006). More than 800 million hectares land all over the world is
under salt stress (Munns and Tester, 2008). It is estimated that 33% of world’s irrigated land
and 14% irrigated land in Pakistan is salt affected (Athar and Ashraf, 2009). In Pakistan, 6.3
million ha (mha) land is salt affected (Statistical Survey of Pakistan, 2003-04). Salt affected
lands reduce crop productivity by 20-50% (Ashraf et al., 2008; Jenks et al., 2007). It seems
reasonable to predict that increasing salt tolerance of the crops particularly cereals and oil
yielding crops will be an important aspect if the global food demand is to be maintained. Due
to rapid increase in world population, demand for food production is further enhanced.
According to FAO (2015) report, 776 million people (11% of world population) in developing
countries are undernourished. Demand for food for projected world population can be met by
increasing crop growth and productivity on available land water use.
According to FAO (2015) report, between 1970s to 1990 oil crops (such as oil palm,
soybean, sunflower and rapeseed (Canola) expanded at a faster rate in area as compared to any
other crop sector which is about 75 mha and this sector is growing at almost double speed of
world agriculture. Among the oilseed crops, canola accounts a significant share in local oil
seed production (Economy Survey of Pakistan, 2015). Canola seeds yield 35-45% oil
(Pritchard et al., 2007) which contains 10-12% omega-3 linolenic acid, < 0.1% euracic acid,
59-62% oleic acid, 18-22% linoleic acid. Low quantity of the erucic acid and no cholesterol in
the canola seed oil makes it good quality edible oil (Johnson et al., 2007). Canola oil is not only
consumed for cooking purposes but also commonly used in margarine. Canola seed meal
produced during canola oil extraction is rich in protein contents and widely used as animal
feed. Toasted oil free meal is low in glucosinolates (30 µmol/g) and is considered best for
livestock feed.
Soil salinity results in reduction in plant growth and yield which is mainly associated
with various biochemical and physiological processes which include photosynthesis, enzyme
activity, nutrient uptake, hormonal imbalance etc. However, adverse impact of salt stress on
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different physiological process varies with type of plant species, plant developmental stage and
duration of salt stress (Ashraf and Foolad, 2007; Munns and Tester, 2008).
Seed germination and initial growth stages are assumed to be the most sensitive stages
to salt stress (Cuartero et al., 2006; Foolad, 2004; Munns, 2002). Under saline conditions, seed
is subjected to water stress with remarkable reduction in water uptake due to the low water
potential of the germinating medium (Ashraf and Foolad, 2005). The period from sowing to
seedling is said to be the most important in crop production and has major impact on plant
growth and yield (Ashraf and Foolad, 2005). Rapid and uniform seed germination and seedling
establishment is considered to be critical steps in crop production under salt stress. It is now
well evident that seed germination and seedling stage is the more predictive to plant responses
to soil salinity (Cuartero et al., 2006) and rapid seed germination and seedling establishment in
saline condition may increase the chances of better growth and high yield (Munns, 2002).
Excessive salt in the soil reduces the soil water potential and water absorbing ability of
the plant reducing cell expansion and plant growth (Munns, 2011). Growth reduction in plants
due to salinity is the consequence of osmotic and toxic effect of the salts when inside the plant
(Munns and Tester, 2008). Apparently, there are two phases of the growth reduction, first phase
of water stress that induces quick growth reduction. Water stress significantly reduces rate of
leaf expansion, delay in the production of the lateral buds and emergence of new leaves
resulting in plants with fewer branches and leaves (Munns, 2002; Munns and Tester, 2008).
Moreover, slower growth rate is an adaptive feature for plant survival under stress to conserve
the soil moisture (Munns, 2002; Zhu, 2001).
Second phase of reduction in growth, a relatively slow phase, is associated with the rise
in salt concentration up to the toxic level in the mature transpiring leaves resulting in premature
senescence. If leaf tissue death rate exceeds the development of the new leaves, will lead to
reduction in photosynthetic capacity and will further limit the flow of the carbon to growing
zones to such a level that cannot sustain further plant growth.
Most commonly, the ions dominating the saline soils are Na+ and Cl- and to achieve the
salt tolerance, it is critical to keep the concentration of these salts below toxic level as low as
10-30 mM (Munns and Tester, 2008). Enzyme inhibition start at 100 mM sodium level,
however toxic level concentration of Na+ as well as Cl- is not well defined (Munns and Tester,
2008; Teakle and Tyerman, 2010). High level of cytosolic Na+ causes inhibition of the
enzymes, and physiological processes such as membrane function, reduces photosynthesis,
generate reactive oxygen species (ROS) (Ashraf, 2009; Sairam et al., 2006). Sodium enters
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roots through passive transport via nonselective cation channels or possibly through high
affinity K+ transporter family (Blumwald et al., 2000; Munns, 2002; Munns and Tester, 2008).
Most of the Na+ uptake by the roots is pumped back into the soil solution by Na+/H+ antiporters.
About 98% of the salt absorbed by the roots is excluded into the soil solution and only 2%
entering in xylem stream is transported to the shoot (Munns, 2005)
Photosynthesis is an important physiological process that powers life on earth and is
among the primary processes to be influenced by abiotic stresses such as salinity (Munns et al.,
2006). The affect can be direct resulting from decrease in CO2 uptake due to reduction in
stomatal conductance (Flexas et al., 2004; Flexas et al., 2007) or a consequence of secondary
effect, the oxidative stress (Chaves et al., 2009). During photosynthesis two events occurs, light
reactions, where light energy in the form of photons is absorbed by the photosynthetic pigments
in the thylakoid membranes and transformed into ATP & NADPH. The second event is the
carbon reactions formerly known dark reactions, during which CO2 is fixed involving series of
chemical reactions in the stromal region of the chloroplast into sugar using the products of light
reactions (ATP and NADPH) (Dulai et al., 2011; Taiz and Zeiger, 2010). Salt stress reduces
CO2 uptake via stomatal closure and lowers the need of ATP and NADPH utilization by down
regulating photosynthetic electron transport. Down regulation of electron transport without
lowering in light absorption by antenna complex of PSII leads to the production of the singlet
oxygen in chloroplast at PSII which leads to irreversible damage of D1 protein and thus PSII
photodamage occurs (Foyer and Shigeoka, 2011; Heyno et al., 2009; Krieger-Liszkay, 2005).
Of the two photosystems, PS-II is found to be more sensitive to salt stress (Bacarin et al., 2011;
Mehta et al., 2010).
Chlorophyll fluorescence is a non-invasive tool for understanding photosynthetic
efficiency under saline environment (Kanwal et al., 2011; Longenberger et al., 2008). Light
energy absorbed by chlorophyll molecule can be utilized to drive photosynthesis
(Photochemistry) or it can be dissipated in the form of heat or re-emitted as light
(Fluorescence). These processes occur in competition and thus measurement of the chlorophyll
fluorescence can give a clear picture of changes in photosynthetic efficiency and heat
dissipation. Changes in chlorophyll fluorescence are due to over reduction of electron accepters
in electron transport chain. QA after being reduced from PSII cannot accept further electron
until unless it is oxidized by QB. During this period, the reaction center is said to be closed. This
blockage in electron transport, downstream of PS-II, leads to reduction in photochemistry and
subsequent increase in chlorophyll fluorescence yield (Baker, 2008; Brestic and Zivcak, 2013).
Various techniques of chlorophyll fluorescence such as fast chlorophyll a kinetic analysis
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(OJIP), pulse amplitude chlorophyll fluorescence are generally used to assess changes in
photosynthetic capacity of plants. Famous JIP-test derived from OJIP analysis provide detailed
information about structural stability and functionality of PSII such as performance index
(PIABS), density of reaction centers (RC/CS) and pool size of the electron acceptors (Sm) (Kalaji
et al., 2011; Mehta et al., 2010).

Fig 1.1: Light and dark reactions of photosynthesis (Adapted from Ashraf and Harris, 2013)

Photosynthetic limitations under salt stress could be the consequence of reduction in
photosynthetic pigments in chloroplast. Accumulation of Na+ in the chloroplast degrades
chlorophyll pigments (Li et al., 2010; Yang et al., 2011) as has earlier been observed in
sunflower (Akram and Ashraf, 2011a), wheat (Arfan et al., 2007; Perveen et al., 2010) and
Ricinis communis (Pinheiro et al., 2008). Salt stress induces reduction in chlorophyll pigments
might be the consequence of impaired biosynthetic pathways or accelerated degradation of the
pigments (Ashraf and Harris, 2013). However, photosynthetic pigment reduction response to
salt stress depends upon the tolerance of the plant species. Several reports have shown
enhanced accumulation of the chlorophyll contents in salt tolerant species whereas it decreased
in salt sensitive species (Akram and Ashraf, 2011b; Khan et al., 2009). While working with
different crops, e.g., wheat (Arfan et al., 2007; Raza et al., 2006), sunflower (Akram and
Ashraf, 2011b), alfalfa (MONIRIFAR and BARGHI, 2009) and proso millet (Sabir et al., 2009)
found chlorophyll pigment accumulation as a potential indicator of the salt tolerance. However,
(Juan et al., 2005) found no relationship of Na+ accumulation in leaf and photosynthetic
pigments in tomato under saline conditions.
Salt tolerance in crop plants can be achieved by adopting control mechanism at the time
of ion uptake at root level, transport in xylem and compartmentation at organ as well as at
cellular and subcellular levels (Munns and Tester, 2008). Uptake of ion can initially be
controlled at root levels, perhaps by the epidermal cells or endodermal cells in case of
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apoplastic movement of the soil solution (Munns, 2002). Secondly, while loading in the stele
Na+ entry may be avoided and replaced by K+. Furthermore, there are evidences that transport
of toxic ions is restricted and Na+ is compartmentalized in upper part of the root or at lower
part of the shoot even at the leaf petiole and sheath to avoid toxicity in vital organ “leaf”
(Berthomieu et al., 2003; Munns, 2002).
Improvement in salt tolerance of genotypes using screening and selection has been
proposed as most effective strategy to reduce the deleterious effects of salinity on crop
production (Ashraf and Harris, 2013; Athar and Ashraf, 2009; Munns, 2005). Screening of the
available germplasm for salt tolerance has two advantages; first that tolerant varieties/cultivars
traced out by using this technique can be further used for breeding programs and second
advantage that comparative analysis of these varieties/cultivars at biochemical/physiological
and molecular level makes it easy to understand the mechanism of salt tolerance (Bohnert et
al., 2006). In view of existing literature, for using such screening procedure a large genetic
variability in gene pool of a species is required and it is now well evident that a significant inter
and intra specific variations exists in number of crop plants studied (Ashraf and McNeilly,
2004). For example, Toorchi et al. (2012) evaluated 12 canola cultivars for salt tolerance by
subjecting varying levels of salt stress (0, 150 and 300 mM NaCl) and observed a significant
genetic variability among rapeseed genotypes in seedling growth, leaf area, root and shoot
biomass under salt stress. Ulfat et al. (2007) screened 34 local and exotic accessions of canola
to identify suitable trait as a selection criterion under salt stress. Canola cultivars were ranked
on the basis of relative salt tolerance by using various biochemical and physiological attributes
such as net CO2 assimilation rate (A), transpiration rate (E), stomatal conductance (gs), leaf ion
accumulation and some water relation parameters. All 34 canola cultivars were placed into
three groups, salt sensitive, moderately sensitive and salt tolerant. Dunkeld, CON-II and
rainbow were recognized as salt tolerant while Westar, Blero, Oscar, RGS-003, Option-500
and Cyclone as salt sensitive. They also suggested that photosynthetic activity, proline and
glycinebetaine accumulation and ion discrimination can be used as effective selection criterion
for salt tolerance in canola. In a similar study with canola, Qasim and Ashraf (2006) found that
two canola lines subjected to NaCl salinity (2.4 (control), 4, 8, 12 dSm-1) have different pattern
of ion accumulation which changed with the change in plant developmental stage. In a similar
study, Khayat et al. (2010) found LSG-2 and LSN as salt tolerant canola cultivars and suggested
that leaf Na+ and K+ contents/ratios are useful selection criterion for salt tolerance.
Screening of genotypes for salt tolerance at early growth stages is suggested to be more
promising approach in the sense that it saves time and overall cost (El-Hendawy et al., 2005).
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However, evaluation at a specific growth stage may or may not be effective in later growth
because different plants have different sensitive stages to salt tolerance and it could be effective
if screening is done at sensitive growth stages of the crop (Ferdose et al., 2009; MohammadiNejad et al., 2012). For example, in wheat the seedling or early growth stage is considered to
be more sensitive as compared to other growth stages (Bhutta and Hanif, 2010; Munns and
James, 2003).
Under saline conditions, plants adopt themselves by osmotic adjustment,
accumulation of osmoprotectants, modifications in ion transport to avoid ion toxicities, and
activation of enzymes by changing gene expression (Arefian and Malekzadeh Shafaroudi,
2015; Shamim et al., 2015). However, all components of these biochemical and physiological
processes are not well identified yet and thus need to be determined with the help of advanced
molecular biology-based techniques such as transcriptomics, proteomics. Such studies may
help in identification of new genes, proteins and pathways of salt tolerance (Kong-Ngern et al.,
2005).
Over the past few years, analysis of proteins from a whole organism, tissue or cell has
been used to study salt stress responsive proteins expression in different crops including rice
(Liu et al., 2012), wheat (Guo et al., 2012), barley (Sugimoto and Takeda, 2009; Witzel et al.,
2009), maize (Zörb et al., 2010), tomato (Manaa et al., 2011), pea (Kav et al., 2004), and
cucumber (Du et al., 2010). A few proteins, especially those participate in Na+ transport and
distribution have been extensively studied. For example, a high affinity plasma membrane K+
transporter (HKT) that controls Na+ influx and K+ uptake in roots has been studied (Rus et al.,
2004). It has been reported that a variety of calcium binding proteins (CaBs) such as calmodulin
(CaM) and calreticulin (CRT) could participate in Ca2+ homeostasis under saline conditions
(Zhao et al., 2013). Similarly, 367 photosynthesis related proteins have been reported under
saline conditions. Among them, 12 light reaction related and 14 Calvin cycle related UPs are
affected by salinity (Zhang et al., 2011). Furthermore, under saline conditions multiple
isoforms of chloroplast ATP synthases (Pang et al., 2010) and ferredoxin NADP(H)
oxidoreductases (FNR) (Fernández-Trijueque et al., 2012) have been reported to be regulated
by salinity. These studies indicated that salt tolerant species had greater levels of proteins
related with reactive oxygen species (ROS) scavenging, ion transport, stress signaling and
photosynthesis than those in salt sensitive species. Moreover, salt sensitive species had more
catabolism related proteins such as glycolytic and respiratory enzymes. Thus, these and other
proteomics studies have provided direct understanding of salt adaptive mechanisms in crop
plants. Furthermore, identification of such protein markers could be a potential tool in
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producing salt resistant genotypes (Kumar et al., 2009). Various proteome approaches have
been used to assess mechanism of salt tolerance in plants. Recent advanced technologies like
MALDI-TOF/TOF MS, 2D electrophoresis and LC-MS/MS have been applied for protein
identification and separation of salt responsive proteins in plants (Zhao et al., 2013).
By summarizing all preceding reports, it is well evident that plant response differently
at different growth conditions under saline environment and salt tolerance in most of the crop
plants is associated with salt exclusion and osmotic adjustment. Furthermore, there are
contrasting reports regarding physiological and biochemical bases of salt tolerance in canola.
Thus, the primary objective of this study was to evaluate the extensive canola germplasm for
salt tolerance, which will provide some basis for future studies to improve salt tolerance
through screening and selection.

Objectives
 To assess genetic variability for salt tolerance in local and exotic cultivars of canola at the
germination and seedling growth stages.
 To assess degree of salt tolerance at different developmental stages
 To draw the relationship between various physiological and biochemical traits responsible
for salt tolerance in canola, particularly PSII photochemistry, non-photochemical quenching.
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Chapter 2

REVIEW OF LITERATURE
In Pakistan, rapeseed, sunflower, safflower and soybean are cultivated as oilseed crops
(Amjad, 2014). However, Pakistan is the 4th largest importer of edible oil, and emerged as a
major buyer of canola by the year 2015-16 by importing 75% of its domestic requirement
(Zaidi, 2014). Since early 1970s, shortage in edible oil production occurred in Pakistan and has
attained second position in import after petroleum products. To increase its local production,
its cultivated area is increased during last five years along with cultivars improvement for yield
through breeding. According to estimates, 233000 tons per annum canola oil produced from
domestic sources contributes only 17% of the total requirement (Amjad, 2014).
Canola is an important oilseed crop of family Brassicaceae. Canola plants can be used
as a green vegetable when plants are at the seedling stage. In many parts of the world, grown
up green shoots of canola are used as palatable fodder for animals. Sometimes canola plants
are mixed with other fodder crops to increase fodder palatability for livestock. Canola seeds
contain 40% proteins, and complete profile of amino acids which includes methionine, cystine
and lysine. Canola oil contains 45% good quality oil and high protein contents, thus, considered
best for human consumption. Canola seed meal provides excellent feed for livestock as well as
poultry (Long et al., 2015). Canola oil is famous for its lower erucic acid contents and low
glucosinolates in its meal obtained after oil extraction from seeds which makes it source of
high protein for livestock feed (Ashraf and Ali, 2008; Athar et al., 2009). From a number of
published reports it is clear that canola oil is a rich source of energy i.e 884 calories per 100 g
of oil. Canola oil has good lipid profile having saturated, mono-unsaturated and
polyunsaturated fatty acids in the ratio of 8:61:31. Since canola oil has higher smoke point i.e.,
450 Fͦ, it can be used for deep-frying food items. Canola oil is also used for treating many
digestive problems. Oil is used in tanning industries as leather softener and also used lightening
lamps.
Canola crop can significantly improve the economy of Pakistan by improving canola
oil production. This can be achieved either through increase in cultivated area and crop
productivity per unit area. Although crop productivity is increasing due to increase in area
under cultivation, crop productivity per unit area is significantly lower as compared to other
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countries. Low canola crop yield has been attributed to cultivation of traditional low yielding
varieties and abiotic stresses like salinity.
In order to meet the above challenges, it is mandatory to bring the salt affected barren
area into cultivation and cultivation of salt tolerant canola cultivars on salt affected lands which
seems to be an effective approach to economically utilize salt affected soils.
Effect of climatic changes and different abiotic stresses on crop productivity
Any environmental factor that limits crop productivity is said to be abiotic stress. In
fields, plants are frequently subjected to various abiotic stresses including water deficit,
freezing, heat and salt stress. It is generally accepted that abiotic stresses are the major factors
responsible yield reduction (Ashraf and Foolad, 2013; Munns and Tester, 2008). Sufficient
food production to feed the increasing world population is a major challenge. Climatic changes
may lead to increase in abiotic stresses and overall reduction in crop productivity. The
challenge of food production is further aggravated by the intensive use of chemical fertilizers
to increase crop productivity, which is causing serious environmental and health risks
(Abberton et al., 2016). Thus, abiotic stresses including soil salinization and climate changes
are putting pressure on the maximization of crop yield (Athar and Ashraf, 2009).

Salinity
Salinity is one of the most severe abiotic stresses affecting crop growth and yield
(Aflaki et al., 2017; Alam et al., 2015; El-Hendawy et al., 2017; Munns and Gilliham, 2015).
More than 6% of the total land area in the world and 20% of irrigated land is under salt stress
(Mickelbart et al., 2015). Furthermore, there is annual loss of 1.5 Mha arable land and $27.5
billion are spent to counteract salinity problem (Qadir et al., 2014). Salt stress affected more
than 10% of dry land resulting in rapid rise in salinization and desertification worldwide. As a
consequence, there has been observed 50% decline in average yield of major crops (Munns and
Gilliham, 2015; Munns and Tester, 2008). Due to this reason, it is imperative to develop
cultivars resistant to salt stress. However, over past ten years, progress have been made in this
area is very slow because of large dispute among plant physiologists, plant breeders, and plant
molecular biologists on how to improve stress tolerance in plants (Ashraf et al., 2008a; Flowers,
2004; Munns and Gilliham, 2015; Munns et al., 2006; Plaut et al., 2013). Since mechanism of
salt tolerance is very complex which varies from species to species and change due to changes
in environmental factors, investigation of mechanism of salt and drought tolerance using
physiological and molecular based techniques is necessary.
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Adverse effects of salinity on plants
Adverse effects of salt stress on plant growth and yield are the consequence of low
osmotic potential, nutritional imbalance, specific ion toxicity or combine effect of all these
factors (Ashraf and Harris, 2004; Greenway and Munns, 1980a; Ismail and Horie, 2017;
Munns, 1993; Roy et al., 2014). Salinity induced osmotic stress and oxidative stress in plants
may be observed at early stages, however at later stages accumulation of salts in transpiring
leaves causes ion toxicity (Athar and Ashraf, 2009; Munns and Tester, 2008).
Osmotic stress
Plants growing in salt effected soils experience water deficiency due to higher
accumulation of soluble salts in soil solution. Salt accumulation in root zone induce reduction
in water potential disrupting water uptake by roots, limiting nutrient absorption thereby
resulting in nutrient deficiency (Ashraf and Harris, 2004; Attia et al., 2011; Kader and
Lindberg, 2010; Munns, 2002; Munns and Tester, 2008; Newell, 2013; Zhu, 2001). Drastic
changes due to water and ion homoeostasis disrupt membrane permeability resulting in poor
influx of water (Ashraf et al., 2008a; Kader and Lindberg, 2010; Munns, 2002). For example,
leaf osmotic potential and relative water contents were reduced in two canola (Cyclon and
Dunkeld) cultivars when subjected to salt stress (Khalid et al., 2015). Similarly, while working
with canola Bybordi (2012) reported that salinity significantly decreased fresh, dry weights,
leaf area and relative water contents. Likewise, higher salt accumulation significantly reduced
the biomass of pea plants due to reduction in chlorophyll contents, CO2 fixation rate and leaf
water status (Noreen et al., 2010). However, same author described that in turnip, salt induced
reduction in plant growth was associated with changes in relative water contents (RWC), leaf
osmotic potential, activity of antioxidants and phenolic contents. While assessing resistance
safflower to salinity and drought stress, Siddiqi and Ashraf (2008) reported that leaf area and
osmotic potential of all canola genotypes were significantly reduced in stress plants as
compared to unstressed plants. While evaluating inter-accession variation for salt tolerance in
eighteen accessions of Panicum milliceum, Sabir et al. (2009) reported that salinity induced
significant reduction in leaf chlorophyll contents, osmotic potential, plant water potential and
relative water contents.
Nutritional imbalance
Salt stress upset the normal ratios of essential nutrients in plants creating an imbalance
in cellular metabolism, ion transport, membrane permeability and cellular ion accumulation
(Khalid et al., 2015; Munns, 2009; Rabhi et al., 2011; Raza et al., 2006; Roy et al., 2013).
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Excessive uptake of sodium and chloride ions at root surface severely disrupts absorption of
smaller cations like potassium, calcium, magnesium and nitrate (Munns and Tester, 2008;
Parida and Das, 2005). Potassium in plants is necessary is important in several cellular
processes such as stomatal regulation, enzyme activation, turgor pressure etc (Harris et al.,
2010; Hasegawa, 2013; Kaya et al., 2007) and K+ homeostasis is a key component of
maintaining salt tolerance in several crops (Negrão et al., 2017). Under saline environment,
plant uptake Na+ at the cost of Ca++ and K+ induce ionic imbalance resulting in impairment of
many physiological processes (Ashraf, 2010; Kader and Lindberg, 2010; Munns and Tester,
2008).
Calcium is involved in many cellular signaling pathways regulating membrane
potassium sodium transporters. Increase in cytosolic Ca+2 accumulation is the 1st response of
the plant exposed to salt stress (Munns and Tester, 2008; Newell, 2013). From these reports it
is clear that calcium and potassium play important role in many potential physiological
charateristics, so the absorption of Na+ instead of K+ and Ca+2 lead to nutritional imbalance.
For example, Raza et al. (2007) reported that accumulation of sodium and chloride ions in leaf
and root increased significantly thereby reducing root and leaf potassium and calcium. Noreen
et al. (2012) reported that sodium and chloride ions increased in six radish cultivars with
reduction in potassium and calcium due to 120 mM NaCl salinity stress. In another study by
Siddiqui et al. (2010), reported that rooting medium salinity caused a significant reduction in
root Ca2+, ratios of K+/Na+ and Ca2+/Na+ in the leaves and roots of 10 safflower cultivars. It is
generally believed that glycophytes with increase in salt regime Na+ and Cl- accumulation in
roots and leaves increase consistently with decrease in K+ and Ca+2 accumulation (Grewal,
2010; Munns et al., 2006; Munns and Tester, 2008). Whereas, salt tolerant cultivars maintain
higher accumulation of potassium in the leaves and lower leaf Na+/K+ ratios (Ashraf, 2004;
Iqbal et al., 2012; Ulfat et al., 2007). While evaluation salt tolerance in chili pepper Zhani et
al. (2013) reported reduction in height, biomass, relative water contents in addition to K+, Ca2+
and K+/Na+ ratio. However, they recorded an increase in soluble proteins and soluble sugars.
In addition, the depressive effect of salt stress on chlorophyll contents was said to be synthesis
of proteolytic enzyme chlorophyllase which is a chlorophyll degrading enzyme.
Specific ion toxicity
Large number of toxic ions such as sodium and chloride ions become accumulated in
leaves under saline conditions (Ali et al., 2006; Greenway and Munns, 1980b; Ismail and Horie,
2017; Rabhi et al., 2011). Maintaining ion homeostasis in plants growing in saline conditions
is challenging, as accumulation of toxic ions hamper the absorption and accumulation of other
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ions (Negrão et al., 2017). It is generally believed under that salinity Na+ accumulates at a faster
rate as compared to Chloride ion therefore, number of studies has focused on accumulation of
sodium ion and Na+-K+ interaction in leaf tissues (Athar and Ashraf, 2009; Munns and Tester,
2008; Negrão et al., 2017; Noreen et al., 2012). In saline environment, toxic level of Na+1 in
plants causes leaf senescence (Munns et al., 2006) and if rate of senescence exceeds the
emergence of new leaves, it leads to reduction in photosynthetic rate which ultimately suppress
plant growth (Ashraf et al., 2008a; Roshandel and Flowers, 2009). For example, while
evaluating physiological and biochemical indicator for salinity tolerance in canola, Ulfat et al.
(2007) reported that higher accumulation of Na+ in leaf tissues resulted significant reduction in
photosynthetic activity as well as plant growth. Similarly, Noreen et al. (2012) showed high
Na+ accumulation in the leaves and roots of six radish cultivars at high salinity and resulted in
decrease in overall growth of radish cultivars.
In saline conditions, toxic ions (Na+ and Cl-) accumulation results in ionic imbalance,
specific ion effect, inhibition of photosynthesis (Ashraf, 2004; Munns, 2002; Negrão et al.,
2017). For instance, while screening fifteen accessions of sesame for salt tolerance, Bekele et
al. (2017) found an increase in concentration of Na+ with substantial reduction in K+ contents
at higher salinity level (150 mM). Likewise, in cotton, Na+ and Cl- concentration significantly
increased in NaCl-treated plants as compared to control plants however, overall concentration
of four elements (K, Mg, Fe and Cu) was significantly reduced (Higbie et al., 2010). Similarly,
in tomato, Gharsallah et al. (2016) found increase in Na+ concentration pattern with salt stress
treatment stage in both roots and leaves. Whereas, a significant reduction in K+ contents and
increase in Ca2+ was reported.
In addition to accumulation of sodium ion, Cl- accumulates in shoots and proves to be
toxic by retarding several physiological processes such as photosynthesis (Negrão et al., 2017).
Furthermore, extent of Na+ and Cl- toxic effect is species or cultivar specific (Athar et al.,
2008). For example, Higbie et al. (2010) found that salt sensitive cotton cultivars accumulated
more Cl- as compared to salt tolerant cultivars. Noreen et al. (2012) also found an increase in
Cl- concentration in six radish cultivars grown in saline conditions however; greater leaf Clcontents were found in salt sensitive radish cultivars while lesser in salt tolerant ones. These
reports indicated that excessive concentration of any ion either anion or cation can induce toxic
effect on plant growth which is species or cultivar specific.
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Plant growth responses to salinity stress
Plant responses to salt stress on germination and early seedling growth
Seed germination is the first essential phase of the plant to grow, survive and finally
yield (Xu et al., 2011). In several earlier studies the crop Brassica napus is ranked as
moderately salt tolerant at germination and early growth stages (Ashraf and McNeilly, 2004;
Francois, 1994; Puppala et al., 1999) however, detailed information regarding its genetic
variability for salt tolerance is still lacking in literature (Ulfat et al., 2007). Early phonological
stages such as seed germination and seedling establishment are considered to be more sensitive
to salinity stress as compared to other growth stages. It is generally accepted that a species or
a cultivar having improved seed germination and growth at the seedling stages under saline
conditions will have more potential to tolerate salt stress at later growth stages (Ahmadi and
Ardekani, 2006; Ashraf and McNeilly, 2004; Athar et al., 2009; Munns, 2002). For example,
while working with two canola cultivars Athar et al. (2009) found that salt stress significantly
reduced the percentage germination of two canola cultivars however, salt tolerant cultivar
Dunkeld exhibited higher seed germination percentage. Similarly, Shahbazi et al. (2011)
reported decrease in seed germination in six canola cultivars with increased level of salinity.
Reduction in seed germination and seedling growth was attributed to osmotic effect resulting
in lower water uptake.
Vegetative growth and development
Salinity stress reduces plant growth at all phonological stages and this has been reported
in a number crop plants such as wheat (Raza et al., 2006), canola (Athar et al., 2009), cotton
(Ashraf et al., 2008b), sunflower (Akram et al., 2012; Iqbal et al., 2008), radish (Bano et al.,
2012; Noreen et al., 2012), maize (Akram et al., 2011) and safflower (Siddiqui et al., 2011).
Salt induced stress suppresses plant growth by reducing shoot, root length and leaf area and
total biomass production (Zhang et al., 2014). Most crops exposed to salt stress showed
reduction in plant growth and development and this innjurious effect of salt stress was due to
combination of osmotic stress, ion toxicity, nutrient imbalance (Ashraf, 1994; Flowers et al.,
2010; Iqbal et al., 2012; Zhang et al., 2014). For instance, an inhibitory effect of NaCl salinity
on growth of two canola cultivars was observed in a study by (Athar et al., 2009). Similarly,
Ulfat et al. (2007) while evaluating salt tolerance in canola cultivars reported that salt stress
reduced the plant growth in all canola cultivars but a considerable genetic variability for salinity
tolerance was found in canola cultivars. Likewise, salinity decreased the fresh and dry rapeseed
seedling however; this reduction was lower in salt tolerant species (Farhoudi et al., 2011).
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Reduction in plant growth was attributed to salinity induced restriction in absorption of water,
ionic imbalance and specific ion toxicity consequently restricting growth of stem and root.
It is generally accepted that inhibition in plant growth and yield due to salinity varies
among different plant species and even within different cultivars of a species (Noreen et al.,
2012). Furthermore, to determine the extent of salt tolerance in a plant species, relative yield
of crop grown in increasingly saline rooting medium is mandatory (Ashraf, 2010). For
example, Sakr et al. (2012) reported that with increasing salinity stress levels a significant
reduction in canola plant growth characters including fresh and dry weights of shoots and roots,
lengths of shoots and roots, number of leaves, number and leaf area per plant and flowering
branches per plant. Reduction in these growth parameters of Brassica napus consequently
limited the crop yield by decrease in cell division in meristems and cell elongation (Sakr et al.,
2012). In another study, while estimating the response of spring canola cultivars to sodium
chloride stress Toorchi et al. (2012) found significant salt stress induced reduction in plant
height, shoot, root fresh and dry biomasses, number of pods per plant and seed yield. This
reduction in growth and yield was attributed to increase in osmotic stress, ionic imbalance and
specific ion toxicity.
Effect of salt stress on photosynthesis
Plant growth and yield are strongly dependent on photosynthetic capacity of plant
species. Salt stress induced reduction in growth and productivity is often related with reduction
in photosynthesis (Athar et al., 2015; Chaves et al., 2009; Khalid et al., 2015). Growth and
yield reduction in plants growing in saline environment is linked with stomatal closure and/or
metabolic limitations (Ashraf and Harris, 2004). For example, in 4 canola cultivars, salt stress
markedly reduced all photosynthetic attributes including photosynthetic rate (A), rate of
transpiration (E), water use efficiency (WUE), stomatal conductance (gs), sub-stomatal CO2
(Ci) concentration resulting in overall growth retardation (Mukhtar et al., 2013). Likewise,
while assessing effect of triacontanol on photosynthesis and osmoprotection in canola under
salt stress, Shahbaz et al. (2013) stated that addition of salt stress significantly reduced gas
exchange parameters like A, E, gs and water use efficiency (A/E) while Ci and Ci/Can remained
unchanged. Similarly, Ulfat et al. (2007) while working with canola they found that net CO2
assimilation rate (A) reduced significantly in all 34 canola cultivars. While drawing relationship
between glycinbetaine and photosynthesis of two canola cultivars under salt stress, Athar et al.
(2015) demonstrated that all photosynthesis parameters were adversely affected by salt stress
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except water use efficiency (A/E) and intrinsic water use efficiency (A/gs) which remained
unchanged. Salt stress significantly reduced the stomatal density, transpiration rate and leaf
area, thereby reducing photosynthetic capacity of canola plant (Farshidi et al., 2012).
Photosynthetic pigments
It is generally accepted that photosynthetic capacity depends on chlorophyll which
harvest the solar energy. Salt stress for a longer period or of higher intensity can cause the
degradation of chlorophyll pigments. Reduction in photosynthetic capacity of plants under salt
stress can be the consequence of reduction in chlorophyll content (Athar et al., 2008; Shahbaz
et al., 2013; Athar et al., 2015). For instance, Athar et al. (2015) reported that salt stress
markedly reduced chlorophyll a and b in two canola cultivars. They found a positive
association between photosynthetic rate and photosynthetic pigments and quantum yield of
PSII. They suggested that canola plants accumulated sodium ion in their leaves to a toxic level
which inhibit PSII activity and amount of photosynthetic pigments either by degradation or or
slower rate of biosynthesis of chlorophyll. Similarly, while analyzing effect of triacontanol on
photosynthesis in canola cultivar RBN-3060 under saline conditions, Shahbaz et al. (2013)
reported substantial decline in chlorophyll a and b due to rooting medium salinity stress.
According to Mukhtar et al. (2013), chlorophyll a and b and total chlorophyll contents (Chl. a
+ b) were markedly reduced under saline conditions and this reduction in chlorophyll contents
was associated with decrease in biomass production ultimately resulting in yield losses of
canola cultivars. Sakr et al. (2012) demonstrated that by increasing salinity level significantly
reduced total chlorophyll and carotenoids in canola plants. Likewise, Khalid et al. (2015)
reported decrease in total chlorophyll contents as SPAD units in canola cultivar Dunkeld under
salt stress.
To understand the impact of salinity on photosynthetic capacity of a plant, many studies
focus on quantification of total chlorophyll contents (Negrao et al., 2017). It should be noted
that under saline conditions leaf expansion is reduced as result the leaves become smaller and
thick resulting in higher chloroplast density per unit leaf area. The chlorophyll contents
estimated with help of SPAD (soil and plant analyzer development) meters, which gives ratio
b/w leaf thickness and leaf greenness, often shows increased total chlorophyll contents due to
salt stress induced thickness in leaf (Adem et al., 2014; Li et al., 2009; Negrão et al., 2017).
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Chlorophyll fluorescence
Chlorophyll fluorescence is a non-invasive measurement of photosystem-II activity and
is widely used in technique in plant physiology. Here is the brief principal of chlorophyll
fluorescence. After light absorption photosynthetic pigments (chlorophyll molecules) can
dissipate all absorbed energy as heat, re-emit the absorbed photon as fluorescence or drive the
photochemistry or can transfer the absorbed energy to other molecule (Guo et al., 2015). All
the three processes occur in competition. If we assume that heat dissipation become zero when
a saturation pulse is applied for a brief periof i.e. 0.8 seconds, we can measure changes in
photochemistry through measuring chlorophyll a fluorescence. Moreover, under continuous
ambient light or actinic light, these fluorescence measurements can give the information of
functionality of photosystem II (PSII) and heat dissipation. Status of oxidation and reduction
of electron carriers such as QA, QB, Cytb, Cytf, PC etc can also be measured and compared in
plants growing under different environmental conditions (Baker, 2008; Kalaji et al., 2016;
Stirbet, 2013). Changes in Fo, Fm, Fv or quantum yield of PSII are mainly related with
oxidation reduction status of electron carriers, particularly quinone QA. At the start of
photochemistry, reaction center P680 can donate one electron to pheophytin and pheophytin
immediately donate electron to primary electron acceptor QA. Primary electron acceptor can
donate electron to secondary electron acceptor QB. However, after accepting one electron from
pheophytin, QA cannot accept another electron until unless it transfers the electron first to QB.
This situation of PSII is called closed reaction center. When QA can accept the electron or in
oxidized form, the reaction center is considered as Open (Maxwell and Johnson, 2000). When
all reaction centers are OPEN, fluorescence level is minimal and denoted as Fo, while when all
reaction centers are closed fluorescence is maximum called as Fm. At any microsecond time
point between Fo and Fm, fraction of closed reaction centers and open reaction center will
present. However, comparison of presence of closed reaction center at any time will let us know
how much plants are efficient under stress conditions or under control conditions because
closed reaction centers represents poor PSII photochemistry (Athar et al., 2015; Baker, 2008;
Maxwell and Johnson, 2000). Thus, the yield of chlorophyll a fluorescence emission gives
important information about quantum efficiency of the photochemistry. This gives an insight
into the plant photosynthetic capacity of the plant that ultimately determines the productivity
because photochemistry leads to generation of energy and reducing power for CO2 assimilation
(Murchie and Lawson, 2013). Furthermore, chlorophyll a fluorescence helps to understand the
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effect of salt stress on structural and functional stability of photosynthetic apparatus (Khalid et
al., 2015).
Chlorophyll a fluorescence is measured in two phases, fast phase labeled as OJIP while
slow phase labeled as PSMT (Stirbet and Govindjee, 2011). The OJIP transient curve is useful
as it can be used to determine PSII photochemistry. A number of techniques are being
employed now a day. Of these, continuous fluorescence or fast chlorophyll fluorescence is one
of popular technique (Kalaji et al., 2016; Stirbet and Govindjee, 2011; Strasser et al., 1995).
The OJIP curve, where O is for origin, the minimal fluorescence intensity Fo, J and I are
intermediate levels and P is the peak. In the OJIP transient curve, O-J rise is known as
photochemical phase and is very phase (2 ms), The J and I steps usually appear at 2-3 ms and
30-50 ms respectively known as thermal phases are much slower. The O step stands for Fo and
the P step represents FM that appears approximately at 200-500 ms (Lazár, 2006; Stirbet and
Govindjee, 2011).
Salt stress reduces rate of photosynthesis by inhibiting photosystem II (PSII) i.e.,
photoinhibition. Photosystem is a multi-protein complex PSII and have oxygen evolving
complex at the donor end while QA at the acceptor end. Salt stress-induced photoinhibition
occurs due to damages in PSII on both sides i.e., acceptor and donor side (Athar et al., 2015;
Chen and Murata, 2011). These salt stress induced changes in PSII can be assessed by
chlorophyll a fluorescence technique.

Fig 2.1: Chlorophyll a fluorescence induction curve of a pea leaf (dark adapted for 20 min) (adapted
from Stirbet and Govindjee, 2011).

For example, Athar et al. (2015) while evaluating chlorophyll fluorescence as potential
indicator of salt stress by foliar application of glycinebetaine on two canola cultivars,
demonstrated that salt stress significantly increased Fo (stability of light harvesting complex)
and Fo/Fm (physiological status of photosystem-II), while significant decrease in Fm
(physiological state of acceptor side of PS-II), Fv (physiological state of donor side of PS-II),
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Fv/Fo (maximum primary yield of PS-II photochemistry) and Fv/Fm was observed. Likewise,
Khalid et al. (2015) while assessing effect of glycinebetaine on photosynthetic capacity of
canola under salt stress found a differential impact of salt stress on two canola cultivars. The
result showed a significant decrease in O-J and J-I phases in cultivar dunkeld while same
decrease in cyclone was observed at O-J phase. Salt stress markedly reduced derived energy
fluxes such as absorbance per reaction center (ABS/RC), trapped energy flux per reaction
center (TRo/RC), electron transport flux per reaction center (ETo/RC) and dissipation energy
flux per reaction center (DIo/RC).
By summarizing these reports, it can be concluded that inhibition of plant growth under
salt stress may be the consequence of reduction in photosynthesis capacity which in turn
depends on several factors such as leaf area expansion, number of leaves per plant,
photosynthetic pigments, extent of injury to photosynthetic apparatus and ability of plant to
protect photosynthetic machinery from toxic and osmotic effect of salt stress.
Plant response of leaf proteome under salt stress
The term “proteomics” mean identification and quantitative analysis of protein
expression in a plant under certain conditions. Studies on proteomics have been carried out in
several major crops such as wheat, rice, and soybean by comparing stressed sensitive and
tolerant genotypes. Generally, proteins involved in carbohydrate, nitrogen metabolism are
commonly identified in plants under abiotic stress (Tan et al., 2013). De (Santos et al., 2014)
found different profiles of proteins in different cowpea cultivars under salt stress. The data
from proteomics demonstrated that concentration of rubisco activase, ribulose-5-phosphate
kinase and OEE2 (oxygen evolving enhancer protein) increased in salt tolerant cultivars.
However, OEE1, Mn-stabilizing protein-II, carbonic anhydrase and rubisco were
downregulated in salt sensitive cultivars, resulting low energy production that ultimately
reduce plant growth.
Approximately 367 photosynthesis-related IDs have been identified in 27 plants
regulated by salinity. These salt responsive proteins are involved in regulation of light reaction,
CO2 assimilation and other related physiological processes related to photosynthesis. For
instance, Li et al. (2011) conducted proteome analysis of salt stress responses in rice shoot and
identified some unique proteins such as protein synthesis inhibitor-I, photosystem-II stability
factor HCF136, trigger factor like protein and cyloartenol-C24-methyltransferase in salt treated
rice seedlings. Likewise, in a study by Gao et al. (2011) identified some important proteins
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such as H+-ATPases, glutathione S-transferase, ferritin and triosephosphate isomerase in wheat
plants growing in saline conditions. Similarly, in a study conducted by Bandehagh et al. (2011)
on comparative proteomic analysis of two canola cultivars leaves under salt stress identified
75 differential proteins associated with salt stress and out of these 44 proteins were expressed
in salt tolerant canola cultivar while 31 proteins in salt sensitive genotype. These identified
proteins belonged to a number of processes including oxidative stress, metabolic energy
production, electron transport processes and photosynthesis.
From these reports it is evident that proteome analysis provides a deep insight into
plants responses to salinity and helps to understand the expression patterns of salt stress
responsive genes and proteins.

Strategies to improve salt tolerance of the crops
Various strategies have been used to improve salt tolerance in different crops. Most
often, two approaches to utilize salt affected land are being used, i.e., technological approach
and biotic approach. In technological approach conventional methods such as scraping,
flushing and leaching are used to reclaim the salt affected soils. These methods are expensive
and not a permanent solution of the saline soils (Munns, 2002; Ashraf et al., 2008; Munns and
Tester, 2008). Hence, use of biotic methods seems to be more promising approach instead of
technological methods and has been suggested by Epstein et al. (1980). Biotic methodologies
include breeding and selection, production of transgenic plants having desired traits through
genetic engineering techniques and marker assisted selection using QTLs (Zafar et al., 2017).
Conventional breeding and selection for salt tolerance
It is generally accepted that plants growing in wild conditions cope with different types
of abiotic stresses such as temperature, drought and salinity and most of plants and most of
these crops have developed tolerance to these abiotic stresses. Despite of extensive research on
salt tolerance in different crops, the adaptive mechanism utilized by plants to survive in saline
environment is not well understood (Hapani and Marjadi, 2014). The main problem is lack of
a well-defined potential criterion of salt tolerance that a breeder may use to improve salt
tolerance in important agriculture crops. This is due to the fact that mechanism of salt tolerance
is much complex and variations are present not only among the species but also among the
cultivars within a single species (Ashraf and Harris, 2004; Shafi et al., 2011). Long ago (Noble
and Rogers, 1992) suggested that presence or absence of selection pressure results in gain or
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loss of traits responsible for salt tolerance resulted in generation of variations in physiological
traits that contribute to abiotic stress tolerance such as salt tolerance. In any saline environment,
the intensity of selection pressure associated with variations in salinity tolerance can produce
a range of salinity tolerance within a particular species (Ashraf, 1994). In view of these
informations, evaluation of available germplasm for their potential to salt tolerance could be
useful in exploring salt tolerant plants.
During last few decades, significant improvement in salinity tolerance has been
made through screening and breeding of different species (Ashraf and Foolad, 2007). However,
most of the selection procedure adopted is based on agronomic characters such as, plant height,
relative growth rate, relative growth reduction and yield (Munns and James, 2003). A number
of researchers have suggested that screening for a trait associated with a specific mechanism
of salt tolerance should be preferred (Assaha et al., 2017; Negrão et al., 2017). Similarly,
Toorchi et al. (2012) evaluated 12 canola cultivars to assess effect of salinity and to identify
salt tolerant as well as susceptible canola cultivars and suggested presence of extensive genetic
variability between canola genotypes which can be used for breeding canola for salt tolerance.
Bybordi (2010) evaluated five canola cultivars to see effect of salt stress on yield and
component characters and declared two cultivars as salt tolerant on the bases of plant height,
time of flowering, maturity period, number of siliqua per and seed yield per plant. While
assessing effect of NaCl treatments on seed germination and antioxidant activity of six canola
cultivars, Shahbazi et al. (2011) identified one canola cultivar (Hyola401) as salt tolerant and
other as salt sensitive on the basis of higher germination percentage, seedling growth and
antioxidant activities. Siddiqui et al. (2010) studied physiological responses of seven
germplasm accessions of Brassica napus to combined drought and salt stress and found
variable physiological responses among the genotypes showing slow and fast-growing
ecotypes. Moreover, they found less K+, Ca+2 ions and stomatal conductance in plants under
stress. Likewise, Dolatabadi et al. (2012) conducted an experiment to evaluate response of 12
canola genotypes to NaCl salinity and noted significant differences among genotypes and
declared cultivar Hyola308 as salt tolerant and SW5001 as the most sensitive.
It has been suggested that by using important physiological attributes such as plant
water relations, photosynthesis and transpiration, we can identify the most appropriate traits
that contribute in plant salt tolerance (Negrao et al., 2017; Zafar et al., 2017). For example, in
a greenhouse experiment, Ulfat et al. (2007) screened 34 local and exotic accessions of canola
for salt tolerance and to determine suitable trait as selection criteria and reported that CO2
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assimilation rate (A) and stomatal conductance (gs) as reliable screening criteria. Similarly,
Tsialtas et al. (2016) reported decrease in chlorophyll contents in relation to increase in Na+
contents in four canola cultivars grown under Mediterranean conditions. In several previous
studies, it has been reported that photosynthetic capacity, proline and glycinebetaine
accumulation ability and ion discrimination can be used as potential selection criteria for salt
tolerance in canola (Ulfat et al., 2007; Athar et al., 2015). For instance, Nazir et al. (2001)
reported that high salt tolerance of amphidiploids oil seed Brassicas was related with increased
CO2 assimilation rate, water use efficiency (WUE), shoot K+/Na+ and Ca+2/Na+ ratios and Na+
exclusion from shoots. Likewise, Khayat et al. (2010) considered shoot Na+ contents as
potential criteria for screening canola against salt tolerance. In contrast, Ashraf and Ali (2008)
reported that K+/Na+ and K+ vs. Na+ selectivity cannot be used as potential indicator for
screening canola cultivars for salt tolerance. Similarly, while assessing time course of ion
accumulation and its relationship with salt tolerance in two genetically diverse lines of canola,
Qasim and Ashraf (2006) reported that judgment between two canola lines on the basis of
K+/Na+ ratio was possible at later growth stages while discrimination on Ca+2/Na+ basis is
possible at all growth stages. Ali et al. (2006) screened four canola cultivars for their potential
to salt tolerance on the basis of ion transport in saline conditions and identified cultivar Dunkeld
as salt tolerant and cyclone as salt sensitive on the basis of growth characteristics and suggested
ion exclusion as a key mechanism enabling the cultivar Dunkeld to resist salt stress.
Due to several different reasons, efforts made to develop salt tolerant crops have been
resulted in almost 30 salt tolerant crops by 1995 and in following twenty years five more were
registered and one patented (Munns and Gilliham, 2015; Tester, 2015; Oyiga et al., 2016). Poor
screening methodologies and complex process of screening in natural field conditions might
be the reasons for this slow rate developing salt tolerant crops. Since salt tolerance is associated
with number of traits and each trait in turn is associated with several genes. Thus, alteration in
one gene salt tolerance cannot be improved because changes in one gene affected the
expression of thousands of other genes and plant metabolism in such a way that hindered plant
growth and yield (Lawlor, 2013; Blum, 2014, 2017). In view of these informations, it is
suggested that efficiently integrated physiological and biochemical traits that significantly
contribute to plant salt tolerance should be used in developing salt tolerant cultivars through
conventional breeding.
By summarizing all preceding reports, it is well evident that plant response
differently at different growth conditions under saline environment and salt tolerance in most
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of the crops plants is associated with salt exclusion and osmotic adjustment. Furthermore, there
are contrasting reports regarding physiological and biochemical bases of salt tolerance in
canola. Thus, the primary objective of this study was to evaluate the extensive canola
germplasm for salt tolerance, which will provide some basis for future studies to improve salt
tolerance through screening and selection.

Objectives
 To assess genetic variability for salt tolerance in local and exotic cultivars of canola at the
germination and seedling growth stages.
 To assess degree of salt tolerance at different developmental growth stages
 To draw the relationship between various physiological and biochemical traits responsible
for salt tolerance in canola, particularly PSII photochemistry, non-photochemical
quenching.
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Chapter 3

MATERIALS AND METHODS
To assess genetic variability of salt tolerance in local and exotic canola (Brassica
napus L.) cultivars at different phenological stages, canola germplasm was collected from Oil
Seed Research Station KhanPur, Ayyub Agriculture Research Institute, Faisalabad and
National Agriculture Research Center (NARC), Islamabad. Four successive germination
experiments were conducted in growth room of Institute of Biotechnology and Molecular
Biology, BZU Multan and four experiments at the vegetative growth stage were conducted in
the Botanic Gardens of BZU, Multan during 2012 to 2015. The data for relative humidity,
temperature and rainfall were collected from weather station Cotton Research Station, Old
Shujabad Road, Multan located 10 km sphere. The data obtained so far were plotted in
graphs.

Germination and seedling stage experiments
Experiment No. 1
Screening for salt tolerance in 26 canola cultivars
This screening experiment is similar to previous experiment except that level of salt
applied was changed. Since selection for salt tolerance depends on intensity of selection
pressure, duration of stress and plant developmental stage, in view of the results obtained
from previous experiments level of salt stress was changed to 100 and 200 mM NaCl salinity.
A seed germination experiment was conducted in growth room under control conditions as
described above. Thirty seeds of each 26 canola cultivars/accessions (Cyclone, Faisal Canola,
Bulbul-98, Legend, Dunkeld, shiralee, Rainbow, Ac-Excel, DGL, Punjab Canola, Chakwal
Sarson, Chinese Hybrid, Ind-hyd-R26, PYT-Ind-hybrid, Target, Oscar, RBN-03046, RBN03060, KN-252, SPS-5, NURYT/508-10, NURYT/105-12, NURYT/202-19, 201/24,
NURYT/302-30, NURYT/304-19) were placed in Petri plates. Petri plates were double lined
with Whatman filter paper No 4. Each treatment was replicated three times. NaCl levels (0,
100, 200 mM) prepared in full strength Hoagland’s nutrient solution. Seeds were sterilized
and washed as mentioned in Experiment No.1. Germination was recorded on daily basis for
one week and total germination percentage was calculated.
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Fig: 3.1: Meterological Data showing showing minimum and maximum of temperatures (˚C),
relative humidity (%) and average rainfall for canola growth during 2012-13, 2013-14 and
2014-15
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Experiment No.2
Screening canola germplasm for salt tolerance (28 canola cultivars)
For screening and selection for salt tolerance from a Petri plate experiment was
conducted. In this experiment, 28 canola cultivars viz. Bult-98, RBN-03052, RBN-03046,
Tower, No-0714-A1, KN-252, No-0717-A1, Target, SPS-5, Oscar, KN(s)-75IV, Chakwal
Sarson, RBN-03060, KN-120-35, Westar, 10-97-5/2-4, No-722-A1, Dunkeld, No-720-A1,
No-732-A1, Punjab Canola, Rainbow, Shiralee, Legend, Ac-Excel, DGL, Bulbul-98, Cyclone
were used. Screening experiment was conducted in growth room at average temperature
25ºC±2. Seeds of 28 cultivars were disinfected by incubating seeds with five percent
commercial bleach liquid for 5 minutes. Seeds were then washed with distilled water thrice to
avoid any inhibitory effect of bleach liquid on seed germination. Petri plates were double
lined with Whatman filter paper No 04. Filter papers were soaked with 10 mL of full-strength
Hoagland’s nutrient solution or Hoagland’s nutrient solution with different saline solutions
(0, 75, 150 mM NaCl). Thirty healthy seeds were chosen from each cultivar and placed in
Petri plates and allowed to germinate. Each treatment was replicated thrice. Experiment was
arranged in a completely randomized design. Salt treatments (75, 150 mM NaCl) were
refreshed on alternate days by pipetting out previously applied solution and then applied fresh
solution. Seeds were allowed to germinate till two weeks seed germination was counted.
Seeds that had 5 mm emerged radicle were considered as germinated. Total seed germination
was calculated as percentage. After two weeks, seedlings were uprooted carefully. Seedlings
were separated into shoots and roots. Data for seedling fresh and dry biomass per was
recorded.

Experiment No. 3
Screening for salt tolerance in 10 canola cultivars at seedling stage
In view of the results obtained from 1st and 2nd experiments, a single salt stress level
was chosen where maximum genetic variability was observed. Moreover, based on rate of
germination, seedling vigour under saline conditions, ten cultivars were selected for this
experiment. Ten Canola cultivars (Cyclone, Faisal canola, Bulbul-98, Dunkeld, Shiralee,
Rainbow, Ac-Excel, DGL, Punjab canola, Legend) were further evaluated for salt tolerance at
early growth stage. Experiment was carried out in control conditions in growth room as
mentioned above. Seeds of ten canola cultivars were subjected to two level of salt stress (0,
150 mM). After two weeks of salt stress treatment, seedlings were harvested and shoots and
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roots were separated. Fresh and dry weights were recorded. Seedlings were placed in oven at
65 ºC for 72 hours and their dry weights were recorded.

Experiment No. 4
Assessment of salt tolerance in 13 canola cultivars at seedling stage
In view of personnel communications with Dr Muhammad Qasim, Department of
Botany, GC University Faisalabad Pakistan, salt sensitive Oscar and salt tolerant CON-II and
CON-III were included in selected lines. Moreover, a seedling experiment was conducted to
validated communicated results. Selected cultivars from previous germination and seedling
stages experiments (Cyclone, Faisal canola, Bulbul-98, Dunkeld, Shiralee, Rainbow, AcExcel, DGL, Punjab canola, Legend) and three new cultivars (Oscar, CON-II, CON-III) were
included in the experiment. Experiment was conducted as described earlier in 3rd experiment.
Data of fresh and dry biomass was recorded.

Adult stage experiment series
Experiment No. 1
Assessment of salt tolerance in 28 canola cultivars under net-house
conditions
The experiment was conducted under net-house of the Bio-park Bahauddin Zakariya
University, Multan to study the degree of inter cultivar/accession variations for their potential
of salt tolerance in 28 canola cultivars/accessions (Bult-98, RBN-03052, RBN-03046, Tower,
No-0714-A1, KN-252, No-0717-A1, Target, SPS-5, Oscar, KN(s)-75IV, Chakwal Sarson,
RBN-03060, KN-120-35, Westar, 10-97-5/2-4, No-722-A1, Dunkeld, No-720-A1, No-732A1, Punjab Canola, Rainbow, Shiralee, Legend, Ac-Excel, DGL, Bulbul-98, Cyclone). In this
experiment, plastic pots having 28 cm diameter with a hole at bottom were filled with 10 kg
river washed sand. Before filling pots, drainage hole was covered with muslin cloth. Pots
were flushed with tap water. Seeds were disinfected by incubating seeds in 5% sodium
hypochloride solution for 10 min. After which seeds were incubated in distilled for 10
minutes and rinsed with water. Washing seeds with water was done thrice. Healthy seeds (20)
of each canola cultivar were chosen and sown in sand by making hole in sand first and then
placed seeds in it. Experimental design was completely randomized design with three
replicates and two salinity levels (0, 150 mM NaCl). Canola seeds of each
cultivars/accessions were allowed to germinate for one week after which time thinning was
done. Ten plants per pot were retained after 1st round of thinning. After 2nd round of thinning,
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there remained 4 plants of uniform size and placed equidistantly. Hoagland’s nutrient
solution (full strength) was added into each pot. After four weeks of sowing, plants of each
canola cultivars were subjected to 150 mM NaCl salinity. Salinity level was gradually
increased in aliquots of 50 mol m-3 on alternate day till desired level of salt attained. Two
liters of Hoagland’s nutrient solution without 150 mM NaCl salinity was added to each pot
on weekly basis to avoid any nutrient deficiency. After three weeks of salt stress,
photosynthetic capacity of plants was measured using infra-red gas analyzer. Leaf
photosynthetic pigments were measured. Eight weeks old plants at vegetative stage were
harvested and roots were washed with isotonic solution. Plants were separated into shoots and
roots. Fresh weights of canola plants of each cultivar grown under normal or saline
conditions were recorded. Detached plant samples were then oven dried at 65ºC for 70 hours.
Dry weights of shoots and roots were recorded.

Measurement of photosynthetic rate
Gas exchange characteristics i.e net photosynthetic rate assimilation rate (A), water
transpiration rate (E), sub-stomatal CO2 concentration (Ci) and ambient CO2 concentration
(Can) of twenty-eight canola plants growing under control and salt stress (150 mM NaCl) was
measured by using infra-red gas analyzer (IRGA, LCA-4, ADC bioscientific Ltd. UK). These
gas exchange attributes were taken during 10 – 10.30 h. Throughout the measurements
following conditions were maintained in instrument: a saturating photosynthetic active
radiations (PAR) at leaf up to 800 µmol m-2 s-1, area of the leaf under investigation is fixed to
6.25 cm2, ambient CO2 fluctuated between 375-400 µmol mol-1, air temperature ranges 25-27
°C in the leaf chamber during measurements, gas flow rate during measurement in the leaf
chamber 288-307 mL min-1. For measurement youngest fully developed leaf was selected.

Chlorophyll contents:
A young, fully developed leaf (mature leaf) of each plant of each canola cultivar
under control or saline condition was selected to measure total chlorophyll contents using a
portable chlorophyll content meter (Minolta SPAD-502, Japan).
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Experiment No. 2
Assessment of salt tolerance in 26 canola cultivars under net-house
conditions
Second experiment comprised of 26 canola cultivars/accessions (Cyclone, Faisal
Canola, Bulbul-98, Legend, Dunkeld, Shiralee, Rainbow, Ac-Excel, DGL, Punjab Canola,
Chakwal Sarson, Chinese Hybrid, Ind-hyd-R26, PYT-Ind-hybrid, Target, Oscar, RBN-03046,
RBN-03060, KN-252, SPS-5, NURYT/508-10, NURYT/105-12, NURYT/202-19, 201/24,
NURYT/302-30, NURYT/304-19) collected from Ayub Agriculture Research Institute
(AARI), Faisalabad and National Agriculture Research Center (NARC), Islamabad. Seeds of
each canola cultivar were sown in plastic pots having diameter 30 cm and filled with 8 kg
sand. Seed sowing was conducted similar to adult experiment No. 1 as described earlier in
detail. However, there were three NaCl levels (0, 100, 200 mM) and three replicates in this
experiment. Thus, the whole adult experiment was comprised of 234 pots. Eight weeks old
plants of canola cultivars growing under normal or saline conditions were harvested.
Harvested plants were washed with distilled water, particularly the roots. Plant shoots and
roots were separated and were blotted dry. Data for fresh biomass of shots and roots were
recorded. Plant shoots and roots samples were then oven-dried at 65 ºC for three days and dry
biomass measured. However, before harvest, relative water contents and total chlorophyll
contents by using portable chlorophyll meter (Minolta SPAD-502, Japan) were measured.

Relative water contents:
To measure relative water contents (RWC) of the plants, a fully emerged leaf (3rd leaf
from top) was taken from each replicate of the control and salt stressed cultivars and after
recording its fresh weight, leaf was immersed in distilled water for about 10 h. After the time,
leaf was taken out of the distilled water and its turgid weight was measured. For dry weight
of leaves, leaves were oven dried at 70°C. Relative water contents were calculated using
following formula:

Relative water contents RWC

x 100
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Experiment No. 3
Assessment of salt tolerance in 12 canola cultivars under net-house
conditions
Some selected salt tolerant and salt sensitive cultivars from 1st and 2nd experiments
were analyzed in net house conditions. Experiment comprised of 12 canola cultivars namely
Cyclone, Faisal canola, Bulbul-98, Dunkeld, Shiralee, Rainbow, Ac-Excel, DGL, Punjab
canola, Target, Legend and NURYT 202/19. Seeds were surface sterilized and were sown in
plastic pots in sand culture with four replicates arranged in completely randomized design.
Experiment was conducted as described above in experiment No. 1. Experiment was divided
into two groups, 1st group plants were kept in control conditions while plants of second group
were subjected to 150 mM NaCl. Salinity level was raised as described in 1st experiment.
After one week of salt treatment various analysis such as relative water contents, chlorophyll,
total chlorophyll contents and ionic composition were completed according to the protocols
mentioned below. Eight weeks old plants were harvested and their fresh biomass was
recorded. Shoots and roots of the plants were oven dried and data for dry weight was
recorded.

Ion analysis:
Digestion mixture was prepared by adding 0.42 g of Selenium metal, 14 g of LiSO4 to
350 mL of H2O2 and 420 mL of conc. H2SO4 was poured into the mixture drop by drop.
While addition of H2SO4, the mixture was placed in ice bath to keep it cool. The mixture was
kept at 4°C and used for sample preparation.
Leaf Sampling: To calculate Na+ and K+ a young fully developed leaf was sampled from
each plant and oven dried for 70 °C for 72 h.
Digestion procedure:
Oven dried leaves and roots samples were grounded and 0.1 gram was taken in digestion
flask and 0.2 ml of reagent mixture was poured to it and placed on hot plate. Temperature of
the hot plate was gradually increased upto 250 °C. 0.5 ml of perchloric acid HClO4 was
added and continued heating the samples until material became colorless. Samples diluted up
to 50 ml with distilled water and filtered. Filtrate was used for Na+ and K+ estimation by
using flame photometer (Jenway, PFP-7).
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Experiment No. 4
Assessment of salt tolerance in 13 canola cultivars under net-house
conditions
Selected canola cultivars from previous experiments (Cyclone, Faisal canola, Bulbul98, Dunkeld, Shiralee, Rainbow, Ac-Excel, DGL, Punjab canola, Legend, Oscar) and two
other canola cultivars (CON-II and CON-III) collected from Ayub Agriculture Research
Institute, Faisalabad were also included in the experiment. Experiment was conducted in nethouse conditions in plastic pots containing sand with four replicates arranged in completely
randomized design. Experiment was conducted as described in previous experiments as
described above. Various analysis such as ion estimation, total chlorophyll contents, total free
amino acids, total soluble proteins, gas exchange characteristics, fast chlorophyll a
fluorescence and proteome analysis were conducted according to the protocols mentioned
below.

Chlorophyll a Fluorescence:
Among the other photosynthetic acclimation studies techniques used for screening
and selection for salt tolerance, chlorophyll fluorescence is one of the non-invasive
invaluable tool to evaluate important PSII characteristics including quantum yield of
photosynthesis (Qy) photochemical quenching (QP), non-photochemical quenching (NPQ),
electron transport and energy dissipation in antenna complex and thus gives overall insight of
the physiology of the plants.
Fast chlorophyll a fluorescence transient measurement
Fast chlorophyll a fluorescence transient measurement was made by using portable FluorPen
FP-100 (PSI, Czech Republic). Data for fast chlorophyll a fluorescence (OJIP) was recorded
following nomenclature by Tsimilli-Michael and Strasser (2008), Stirbet and Govindgee
(2011). Since the equipment is not supplied with detachable leaf clips for dark adaptation,
leaves of each canola cultivar was dark adapted by covering the leaf surface (young fully
developed usually 3rd leaf from top) with aluminum foil for 30 minutes to ensure compete
oxidation of all the reaction centers of PSII and electron carriers of electron transport chain.
A dark-adapted leaf with all PSII reaction centers open, was exposed to a brief saturating
pulse (3000 µmol m-2 s-1) for 0.8 second. Fast chlorophyll ‘a’ fluorescence kinetics was
measured from 10 µs to 2 s. The original or raw data (without further calculations) of
different cultivars with 0 and 150 mM NaCl treatments was plotted on logarithmic scale.
Original replicative data was put to further analysis such as normalization, calculations of
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kinetic differences. By double normalization of the data between two fluorescence extremes
(Fo) and (Fm) phases and the variable fluorescence between OP expressed as Vop = [(FtFo)/(Fm-Fo)] was calculated. Similarly, double normalization between Fo (30 ms) and Fk (300
ms) gave Vok expressed as [Vok = (Ft-Fo)/(Fk-Fo)]. Similarly, VOJ, VOI and VIP were calculated
and differences in transients were calculated as L-band (∆VOK = VOK (saline) – VOK

(control)),

K-

band (∆OJ = VOJ(saline) - VOJ (control)). Similarly, ∆VOI and ∆VIP were also calculated for further
analysis. Further calculations were made to evaluate phenomenological and biophysical
parameters using JIP-test following Tsimilli-Michael and Strasses (2008).

33

Table 3.1: Measured parameters of OJIP test, their formulae and description:
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Measurements for PSII and PSI using dual-pulse amplitude fluorometer
Photosynthetic efficiency of photosystem II (PSII) is reduced in plants under abiotic
stresses due to photoprotective non-photochemical quenching (NPQ) and photodamage of
PSII. It is necessary to identify the reason of reduction in PS-II efficiency in different canola
cultivars differing in salinity tolerance, whether it occurs due to photoprotective mechanism
or photodamge of PSII. The photosynthetic efficiencies of photosystem-II (PSII) and
photosystem-I (PS-I) were measured by using Dual-PAM-100 (Walz, Germany) at room
temperature attached to computer with winControl software. Leaves were wrapped with
aluminum foil to dark adapt the leaves for 30 minutes. Fluorescence and absorbance mode
were selected in setting tab. From already developed protocols, Induction Curve protocol
was selected from the computer software. A weak red pulse of 0.4 sec was applied to measure
minimal fluorescence (Fo) and a saturation pulse (8000 µmol m-2 s-1) for 0.8 second was
applied to measure maximum fluorescence (Fm). Actinic light was on, and after every minute
a saturation pulse was applied to measure Fm`. After a steady state, following parameters
were measured which were listed as follows:
Table 3.2. Attributes for PSI using DUAL-PAM-100 and their explanation
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Fig 3.2: Light energy absorbed by photosynthetic pigment molecule in mesophyll cell can
undergo one of the three possible fates. (Adapted from manual for Dual-PAM-100 Walz
Germany)

Fig 3.3: Basic principle of chlorophyll fluorescence measurements by using Dual-PAM-100.
(Adapted from manual for Dual-PAM-100 Walz Germany)
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Fig 3.4: Chlorophyll fluorescence measurement in Dual-PAM-100. (Adapted from manual
for Dual-PAM-100 Walz Germany)
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In a number of studies, it was observed that linear electron transport is not down-regulated,
cyclic electron transport around PSI plays a significant role in protecting PSII from
photodamage of PSII under abiotic stresses. Moreover, donor end and acceptor end of PSI
were also contributed in routing electron as cyclic mode. Thus, efficiencies of PSI and redox
status of PSI (P700) was measured in canola cultivars using saturation pulse method
following Klughammer and Schreiber (2008). Since measurements of PSI at 700 nm in
absorbance is affected by plastocyanin (PC), PSI efficiency or redox status of P700 was
measured as difference in absorbance at 875 and 830 nm wavelengths and thus cancel out the
effect of PC signal. Fully oxidized P700 (Pm) was measured by application of saturation
pulse and far-red light. Pm is analogous to Fm. Fully reduced P700 (Po) was measured at the
end of saturation pulse and far-red illumination. Analogous of Fḿ, Pḿ (Maximal P700
signal; oxidized P700 reaction centers) was measured in the presence of actinic light and
saturation pulse. Based Pm, Po and Pḿ values, WinControl software of DUAL-PAM100
calculated Y(I), Y(ND), Y(NA).
Table 3.3. Attributes for PSI using DUAL-PAM-100 and their explanation

Total Soluble Proteins:
Fresh green young fully developed leaf (usually 3rd leaf from top) samples were
selected and 0.2 g leaf was grounded in liquid nitrogen and homogenized in 4 ml cooled
phosphate buffer (pH 7.8). Homogenized material was centrifuged at 6000 rpm for 10 min at
4°C. A clear supernatant was taken in eppendorf tubes and stored at 4°C. Protein
concentration of the extract was measured by Bradford method (1976). 0.1 ml of sample
solution was added with 5 ml of Bradford reagent in test tubes and kept in dark for ten
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minutes. Absorbance was taken by spectrophotometer (UV-1900 BMS) at 595 nm and the
final values were recorded from standard curve.

Total free amino acids:
Supernatant used for quantification of total soluble proteins was used for determination of
total free amino acids. 1 ml of solution was taken in each test tube added with 10% pyridine
and 1 ml of 2% ninhydrin solution. Test tubes were placed in water bath at 90 °C temperature
for 30 min. Test tubes were taken out of the bath and after being cooled were diluted upto 50
ml. Absorbance was recorded by spectrophotometer at 570 nm and values were calculated
from standard curve.

Protein Profiling or proteome analysis of canola cultivars
One-dimensional SDS-PAGE
Total soluble proteins the leaves of each canola cultivars were extracted sing
phosphate buffer. Proteins extracted so far were resolved on one dimensional 10% SDSPAGE following Laemmli et al. (1970). In stacking gel, 5% acryl amide was used while in
resolving gel 12% acrylamide was used. From each sample, 20 uL containing 20 ug proteins
were loaded on gel (VE-180, Tanon, China). Initially gel was run at 70 V till tracking dye
reached at the bottom of stacking gel. After this, gel was continuously run at 100 V till the
tracking reached at the bottom. Separated protein bands in the SDS-PAGE gel were stained
with Coomassie brilliant blue R-250.
LC-MS/MS of trypsin-digested proteins
Protein and peptide samples were analyzed using bottom-up mass spectrometry (MS)
approach. In this approach protein or peptide samples were digested with enzymes, usually an
endo-protease trypsin, to produced much smaller protein fragments with subsequent analysis
through low resolution mass spectrometer (MS) such as peptide mass finger printing (PMF).
Trypsin cleaves the amino acids at carboxyl or C-terminal end of lysine and arginine amino
acids which must be linked at C-terminal end with proline residue. Due to this characteristic
predictable nature of digestion, peptide products with unique masses used to identify the
protein. However, it requires protein isolation and separation using SDS-PAGE or 2-D
electrophoresis, otherwise in simply extracted protein samples it leads to miscalculation of
expected peptide masses. Thus, in the present study, differentially expressed proteins from
SDS-PAGE analysis or protein bands from SDS-PAGE were cut from the gel and used for
protein identifications. Protein bands in the gel were cut and solubilize by InGel digestion
method following Ibrahim et al. (2016). Protein bands were de-stained with 25 mM
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NH4HCO3 (in 50% CH3OH, methanol) and were then dehydrated with acetonitrile for 2-10
minutes. Protein bands extracts were air dried for ten minutes and then were reduced with 10
mM DTT (25 mM NH4HCO3) at 60 °C for 1 hour to break the disulfide bonds. Protein bands
samples were alkylated by addition of 5.5 uL of 200 mM iodoacetamide (55 mM
iodoacetamide in reaction mixture) for 45 minutes. Protein bands samples were digested with
trypsin (2.5 ug trypsin/sample) by incubating at 37 °C overnight. Thus, tryptic peptides were
obtained from each band of SDS-PAGE.
Trypsin-digested peptides amounting 10 uL were first desalted on reverse phase trap
column (PepMap C18, Dionex, UK) using isocratic solvent A (2% acetonitrile with 0.025%
trifluoroacetic acid in water) at the flow rate of 10 uL/minute. This work was carried out on
Ultimate 3000 Dionex nano-LC system (Dionex, UK) coupled with amaZon ETD ion trap
MS. Tryptic peptides were then separated on nano-analytical column C18 (PepMap C18,
Dionex UK) by 45-minute gradient elution. The flow rate of mobile phase was 250
nL/minute while the temperature of the column was kept at 25oC. The 45-minute gradient
was of 0-90% with solvent B (0.1% formic acid in 40% acetonitrile) versus solvent A
(Solvent mobile phase A, 0.1% formic acid in 5% acetonitrile). The amaZon ETD ion trap
mass spectrometer was used to analyze the trypsin-digested peptides. The full scan for MS
(300-1400 m/z) and MS/MS (50-2200 m/z) were acquired at amaZon ETD ion trap MS. The
mass spectrometer was run in data-dependent mode (Switch between MS and MS/MS mode).
AutoMS/MS was applied with fragmentation at amplitude of 30%-200%.
Based on this information and genomic information from different databases such as
Swiss-Prot, PDB, ExPASy etc. proteome profile can be developed. Now a day, databases of
peptide spectra generated from LC-MS analysis with search engines are available such as
SEQUEST and MASCOT to match experimental peptide fragment spectra.
The obtained raw data files for LC/MS spectra of tryptic peptides from Brassica
napus cultivars under normal or saline conditions were matched with theoretical trypsindigested peptides of Arabidopsis thaliana databases containing genomic data available at
NCBI using the MASCOT search software (Matrix Sciences, UK). Following search
parameters were applied during evaluation/matching spectra: peptide mass tolerance, 10 ppm;
fragment tolerance, 0.35 Da; precursor tolerance, 0.35 Da; variable modification, oxidation of
methionine; fixed modification, carboxyamidomethylation of cysteine; missed cleavage per
peptide, 2.
For identification of proteins, data for tryptic peptides were filtered as follows: crosscorrelation scores (Xcorr) greater than 1.8 (for +1 charged peptides), 2.5 (for +2 charged
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peptides), 3.5 (for +3 charged peptides) were fixed for protein identification. A list of peptide
sequences that had the highest Xcorr values was identified. In addition to Xcorr score, some
other parameters were also chosen to filter anticipated peptides such as ∆CN > 0.1; Rsp < 4;
peptide probability < 0.0005. Moreover, proteins were positively identified when two or more
than peptides were assigned to the same protein. Protein identification based on one peptide
were only considered if detected peptide was present in translated genome. To increase the
sequence coverage, peptides below the set threshold or non-annotated hypothetical proteins
were also considered and assigned putative functions after BLAST with NCBI database.
After verifying m/z value and corresponding sequence, redundant peptides and proteins were
removed from the final list of all proteins. List of proteins expressed in different canola
cultivars under normal or saline conditions was prepared. Each protein was assigned a major
biochemical or physiological function and grouped as regulatory proteins, photosynthesis
related, oxidative stress related, ion transport related, signaling process related.

Statistical Analysis
Data collected from above all experiments was statistically analyzed by using
software COSTAT version 6.4 (Cohort Software, Berkeley, California, USA). Means of each
canola cultivars were compared using Least Significant Difference (LSD) as a yard stick
when interaction term salt x cultivars were significant. Values of LSD were calculated
following Snedecor and Cochran (1980). Means and percent of control bar graphs were
drawn as two-axis charts using MS Excel-2010. Percent of control values were drawn on
secondary y-axis as a line chart.
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Chapter 4

RESULTS
Series of experiments were conducted to screen and select salt tolerant and sensitive
canola cultivars at the germination and seedling growth stages. Inclusion of cultivars and
accessions of canola in the screening experiments depends on availability of seeds of canola
cultivars/accessions from all possible research centers say NARC, Islamabad, Oil Crop
Research Institute, Khan Pur, Ayyub Agricultural Research Institute Faisalabad Pakistan.
Screening experiments were repeated to validate our results also. From the experiments, it is
clear that addition of NaCl salinity in the growth medium caused a significant reduction in
germination rate and germination percentage. However, the canola cultivars/accessions
significantly differed in these agronomic attributes under both non-saline and saline
conditions in all screening experiments. Of the canola cultivars/accessions, some of the
canola cultivars/accessions repeatedly appear as salt tolerant or salt sensitive such as DGL,
Dunkeld, Cyclone, Oscar, Legend, Westar etc. Whereas, degree of salt tolerance in some of
the canola cultivars/accession based on seed germination, fresh and dry weight of seedlings
varied in different screening experiments. Such variability in salinity tolerance could be due
to change in germplasm lines or duration of salinity in screening experiments. However, in
further experimentation moderately sensitive and moderately tolerant cultivars were included
in the adult vegetative experiments to avoid loss of some information related with potential
canola cultivars.

Screening Experiments
Experiment 1:
Analysis of variance of data for germination percentage of 26 canola cultivars
showed that germination percentage of all canola cultivars was significantly reduced
the rate of germination (Table 4.1). A significant different response among the
cultivars was observed under growth medium salinity. Seed germination in all the
canola cultivars consistently reduced with increase in salt level. Although all the
canola cultivars had lower germination percentage at 100 mM NaCl salinity, however
cvs. PYT-Indian-Hybrid followed by RBN-03046, DGL and NURYT 304/19 had
higher percent germination showing higher degree of salt tolerance at 100 mM
salinity level. Growth medium salinity significantly decreased the percent germination
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Table 4.1: Mean squares from the analysis of variance (ANOVA) of the data for total
germination percentage of 26 canola cultivars/accessions differing in salt tolerance when
subjected to varying levels of salinity at seedling stage.
df

SS

MS

F

P

Salinity

2

9001.49

4500.74

105.84

.0000 ***

Lines

25

4776.49

191.05

4.49

.0000 ***

50

2915.17

58.30

1.37

.0743 ns

Error

156

6633.33

42.52

Total

233

23326.49

Interaction
Salinity x lines

*, ***, Significant at 0.05 and 0.001 probability level; ns, non-significant

Fig 4.1: Total seed germination percentage of twenty-six canola (Brassica napus L.) cultivars
seedlings differing in salinity tolerance when seeds were germinated under control (0 mM
NaCl) and saline conditions (100 and 200 mM NaCl).
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of the seeds in cvs. RBN-03060 followed by Oscar, Ind-hyd-R26, Chakwal Sarson
and SPS-5 (Fig 4.1). All the remaining canola cultivars had intermediate values for
seed germination at 100 mM salt stress level. With the increase of salinity level to 200
mM caused further reduction in germination percentage of seeds in all 26 cultivars.
Cultivar PYT-Indian-Hybrid had highest reduction in seed germination of all other
canola cultivars at highest salt concentration (Fig 4.1). The 2nd lowermost germination
percentage was observed in Cyclone followed by RBN-03060. Minimum reduction in
percent seed germination was found in DGL and Punjab Canola followed by Faisal
Canola and Dunkeld indicating high degree of salt tolerance to 200 mM salinity at
germination stage (Fig 4.1).

Experiment 2:
Rooting medium salinity markedly reduced shoots and roots fresh biomasses
of 28 canola cultivars. Canola cultivars also differed significantly under control and
saline conditions (Table 4.2). Increasing the concentration of salt caused a consistent
reduction in shoot fresh weight of all canola cultivars (Table 4.3). At low salinity
level (75 mM NaCl) cvs. No.0717-A1 and Target exhibited significant shoot fresh
weight reduction followed by cv. Legend. However, cvs. Ac-Excel followed by No.
0732-A1 accumulated higher shoot fresh biomass at 75 mM salt level (Table 4.3; Fig
4.2). When these cultivars were subjected to 150 mM NaCl salt level, it caused further
reduction in shoot fresh weight of all 28 canola cultivars. Cultivars showed different
response to increment in salt level. At high salinity level significant reduction in shoot
fresh weight was shown in cv. Legend followed by cvs. No-0717-A1 and RBN03046. However, lowest reduction in shoot fresh weight due to salt stress was found
in cv. DGL followed by cvs. Punjab Canola and Dunkeld (Table 4.3). Moreover, all
the remaining cultivars seemed to be having an intermediary response to 150 mM
NaCl salinity (Table 4.3; Fig 4.2).
Salt stress significantly reduced the root fresh weights of all the canola
cultivars (Table 4.2). Cultivars markedly differed in their response to growth medium
salinity (Table 4.3). Canola seedlings exhibited a gradual decrease in root fresh
biomass to increasing salt stress level. Generally, canola cultivars showed same
degree of salt stress tolerance at low and high level of salt stress. For example, at low
salinity level (75 mM NaCl), highest reduction in root fresh weight of observed in cv.
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Table 4.2: Mean squares from the analysis of variance (ANOVA) of the data for shoot and
root fresh weights of 28 canola cultivars/accessions differing in salt tolerance at varying
levels of NaCl salinity at seedling stage.
df

Shoot Fwt

Root Fwt

Salinity

2

6474.13***

1078.98***

Lines

27

254.29***

9.21***

54

30.94ns

4.18*

Error

168

52.50

2.82

Total

251

Interaction
Salinity x lines

*, ***, Significant at 0.05 and 0.001 probability level; ns, non-significant
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Table 4.3: Mean values for shoot and root fresh weights of 28 canola cultivars differing in salt tolerance
when germinated under control and saline conditions at seedling stage.
Root fwt

Shoot fwt
Control

Saline

Saline

Control

Saline

(0 mM NaCl)

(75 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(75 mM NaCl)

(150 mM NaCl)

Bullt-98

58.46  1.40

43.60  3.93

41.99  0.67

10.31  1.01abcd

4.70  0.45a

2.53  0.30a

RBN-03052

59.71  2.68

45.80  2.62

41.53  0.62

12.29  1.45abc

6.26  0.74a

3.15  0.35a

RBN-03046

50.56  3.97

43.62  5.18

28.71  3.20

8.26  0.64cd

3.94  0.63a

1.7  0.19a

Tower

50.33  1.51

41.82  0.93

38.87  1.14

8.39  0.81cd

6.54  0.25a

3.24  0.50a

NO-0714-A1

49.83  1.30

42.05  1.54

32.74  1.82

9.91  0.62abcd

5.85  0.44a

3.32  0.32a

KN-252

44.35  2.16

37.92  1.35

34.18  2.29

7.73  0.57cd

5.03  0.60a

3.85  0.43a

No-0717-A1

56.62  3.72

38.39  3.10

31.99  2.52

10.26  0.92abcd

5.88  0.34a

2.38  0.12a

Target

56.69  5.13

38.56  3.14

34.56  0.88

11.78  1.45abcd

5.07  0.40a

3.23  0.58a

SPS-5

42.75  1.19

34.46  2.11

32.91  0.80

10.08  0.74abcd

7.24  0.82a

4.63  0.50a

Oscar

54.51  2.28

47.44  2.21

39.65  0.52

11.11  1.62abcd

4.70  0.39a

2.29  0.76a

KN(s)-75IV

56.64  0.32

48.74  0.73

41.02  7.10

9.28  0.43bcd

5.61  0.35a

2.40  0.26a

Chakwl Sarson

63.09  1.95

55.24  0.58

45.58  0.32

13.84  0.94ab

8.00  0.95a

4.36  0.40a

RBN-03060

53.00  4.21

39.60  2.50

36.68  1.45

12.04  1.47abcd

6.92  0.37a

3.38  0.41a

KN-120-35

67.42  0.77

49.77  2.05

42.53  3.55

13.70  1.00ab

6.27  0.62a

4.09  0.85a

WESTAR

65.20  1.94

57.65  1.60

42.92  1.37

10.00  0.67abcd

4.82  0.32a

2.93  0.27a

10-97-5/2-4

67.10  1.89

54.01  3.87

47.22  9.28

11.10  1.02abcd

4.84  0.37a

2.98  0.59a

NO-0722-A1

55.18  1.03

43.59  3.87

35.83  9.28

7.00  0.80d

3.75  0.37a

2.79  0.59a

DUNKELD

54.82  2.90

47.96  1.82

44.37  1.63

8.72  0.37cd

5.30  0.24a

4.85  0.23a

NO-0720-A1

57.50  0.28

45.60  2.10

38.60  2.54

8.79  0.66cd

3.85  0.31a

1.84  0.32a

NO-0732-A1

53.48  5.32

49.85  4.19

37.68  7.39

10.74  0.65abcd

5.52  1.67a

3.40  0.53a

PUNJAB CANOLA

51.49  1.33

46.42  1.47

41.55  1.21

10.28  0.35abcd

6.68  0.80a

4.56  0.40a

RAINBOW

50.25  6.33

40.44  3.74

34.53  1.04

9.66  0.36bcd

5.64  0.46a

4.11  0.70a

SHIRALLE

47.38  4.83

41.71  6.17

31.90  1.20

8.62  0.61cd

5.20  1.41a

3.48  0.47a

LEGEND

56.93  4.73

41.25  2.99

29.99  12.22

14.68  1.26a

5.19  1.21a

2.33  0.15a

Ac-EXCEL

43.57  1.43

42.02  1.85

27.80  1.51

7.58  0.99cd

5.81  1.12a

2.82  0.18a

DGL

59.59  0.47

52.87  0.74

49.18  0.57

10.16  0.54abcd

7.76  0.49a

5.65  0.34a

BULBUL-98

58.72  1.97

49.09  7.31

36.27  2.51

10.76  0.38abcd

7.50  1.34a

3.11  0.84a

CYCLONE

58.68  2.60

45.15  1.74

32.95  3.16

12.51  1.91abc

4.97  0.35a

3.27  0.28a

Saline

Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5% (salinity 
cultivars); Means  S.E
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Bullt‐98
RBN‐03052
RBN‐03046
TOWER
NO‐0714‐A1
KN‐252
No‐0717‐A1
Target
SPS‐5
Oscar
KN(s)‐75IV
Chakwl Sarson
RBN‐03060
KN‐120‐35
WESTAR
10‐97‐5/2‐4
NO‐0722‐A1
DUNKLED
NO‐0720‐A1
NO‐0732‐A1
PUNJAB SARSON
RAINBOW
SHIRALLE
LEGEND
Ac EXCEL
DGL
BULBUL‐98
CYCLONE

Root fresh weight (mg/seedling)

Canola cultivars

Canola cultivars

Fig 4.2: Fresh and dry weights of shoots of twenty eight canola (Brassica napus L.) cultivars
seedlings differing in salinity tolerance when seeds were germinated under control (0 mM
NaCl) and saline conditions (75 and 150 mM NaCl).
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Legend followed by cv. Cyclone. Moreover, maximum reduction in root fresh weight
was found in both these canola cultivars. Similarly, cvs. DGL followed by Dunkeld
showed a minimum reduction in root fresh weight at low and high salinity levels
(Table 4.3; Fig 4.2). In contrast, root fresh weight was slightly decreased in cv. Tower
at 75 mM NaCl while at 150 mM NaCl reduction in root fresh weight was greater
than in the other canola cultivars. Likewise, maximum reduction in values for root
fresh weight at 150 mM NaCl were obtained in cvs. Legend followed by No-0720A1, Oscar and RBN-03046, whereas at 75 mM NaCl these cultivars were intermediate
in their root fresh weight (Table 4.3).

Experiment 3:
Data from seedling stage experiment of 10 canola cultivars showed that salt
stress caused a significant reduction in all growth parameters particularly shoots, roots
fresh and dry biomasses (Table 4.4). Of all the 10 cultivars, cv. Dunkeld showed
better growth and accumulated higher shoots fresh biomass under saline conditions,
whereas opposite was true for cvs. Cyclone and Bulbul-98 (Table 4.5). Values for
shoot fresh weight of all remaining cultivars showed an intermediary response to
growth medium salinity (Table 4.5; Fig 4.3).
Imposition of rooting medium salinity significantly reduced shoot dry weight
of all the canola cultivars (Table 4.4). However, cv. Legend had higher reduction in
shoot dry weight while lower reduction was found in DGL (Table 4.5). Moreover,
response of all rest of the cultivars was similar under saline conditions. Root fresh
weight of all cultivars showed a significant decline in saline medium (Table 4.4)
however, difference between cultivars remained equal. Overall, cvs. Dunkeld and
DGL showed better growth of roots as compared to the rest cultivars under saline
conditions (Fig 4.3). Similarly, root dry weight decreased in all canola cultivars and
this reduction in root dry weight was more evident in cv. Legend while values for this
attribute remained totally unchanged under saline conditions (Fig 4.3).
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Table 4.4: Mean squares from the Analysis of Variance of the data for shoot fresh and
dry weights, root fresh and dry weights of 10 canola cultivars differing in salt tolerance
when subjected to varying levels of salinity at seedling stage.
df

Shoot Fwt

Shoot dwt

Root Fwt

Root dwt

Salinity

1

5030.32***

31.21***

2058.57***

107.93 ***

Lines

9

75.78***

0.36 ns

4.75 ns

0.24 ns

9

45.36*

0.13 ns

4.75 ns

0.41 ns

Error

60

18.58

0.24

2.40

0.45

Total

79

Interaction
Salinity x lines

*, **, ***significance at 0.01 and 0.001 level respectively Ns=Non-significant

Table 4.5: Mean values for shoot fresh and dry weights of 10 canola (Brassica napus L.)
cultivars differing in salt tolerance when germinated under control and saline conditions.
Shoot fwt

Cyclone
Faisal canola
Bulbul-98
Dunkeld
Shiralee
Rainbow
Ac-Excel
D.G.L
Punjab canola
Legend

Shoot dwt

Control

Saline

Control

Saline

(0 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(150 mM NaCl)

38.27  2.25a
x
36.33  4.13a
x
40.38  3.57a
x
40.54  3.11a
x
36.43  1.04a
x
37.38  2.12a
x
38.08  2.52a
x
30.72  2.07a
x
40.12  2.99a
x
35.36  2.07a
x

15.94  1.53b
y
21.65  1.57b
y
16.94  3.77b
y
31.78  2.45a
y
20.68  2.79b
y
23.23  1.78b
y
22.29  2.20b
y
21.33  1.51b
y
24.53  0.44b
y
16.65  2.49b
y

3.69  0.31

2.17  0.27

3.22  0.43

2.22  0.223

3.70  0.44

2.21  0.27

4.05  0.25

2.94  0.20

3.35  0.31

2.13  0.28

3.70  0.29

2.33  0.19

3.54  0.27

2.20  0.27

3.42  0.42

2.68  0.18

3.59  0.23

2.44  0.19

3.70  0.19

2.15  0.11

LSD = 6.09
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD
5% (salinity  cultivars); Means  S.E
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Fig 4.3: Fresh and dry weights of shoots and roots of ten canola (Brassica napus L.) cultivars
seedlings differing in salinity tolerance when seeds were germinated under control (0 mM
NaCl) and saline conditions (150 mM NaCl).

50

Experiment 4:
A significant inhibitory effect of 150 mM NaCl salinity on seedling growth of
13 canola cultivars was observed (Table 4.6). Cultivars also differed significantly
(Table 4.7). Least reduction in fresh biomass accumulation was found in cvs. DGL,
Dunkeld and Faisal Canola under saline conditions while maximum reduction in
shoot fresh weight was observed in cvs Legend followed by Cyclone (Table 4.7).
However, rest of the cultivars had a similar response to salt stress (Table 4.7). Data
plot for shoot dry weights showed detrimental effect of salt stress on all canola
cultivars except cvs. DGL and Faisal Canola where we observed slightly higher
values. The cultivars Cyclone, Ac-Excel followed by Legend exhibited slightly more
reduction in their shoot dry weight. All remaining cultivars were intermediate in this
growth attribute in response to salt stress (Table 4.7; Fig 4.4).
Growth medium salinity significantly decreased root fresh weights of 13 canola
cultivar seedlings (Table 4.6). Effect of salinity seemed to be more pronounced on
cvs. Cyclone followed by Oscar causing decline in root fresh weight however,
remaining cultivars had similar values under saline conditions (Table 4.7).

Adult Experiments
Assessment of salt tolerance in canola germplasm based on growth
and photosynthetic capacity at the vegetative growth stage
Experiment 1:
Analysis of variance of data for fresh and dry biomasses of the 28 canola
cultivars reveals that salt stress markedly reduced the fresh and dry weights of shoots
and roots (Table 4.8). Rooting medium salinity significantly reduced the shoot fresh
biomass of all canola cultivars examined. Salt stress reduced shoot fresh biomasses of
cvs. Westar followed by No-0722-A1 and No-0732-A1 whereas minimum reduction
in shoot fresh weight of cvs. DGL and Dunkeld was recorded (Fig 4.5). Similarly,
Growth medium salinity markedly reduced shoot dry biomass in all the canola
cultivars. However, cvs. DGL and Dunkeld followed by cv. RBN-03060 had lowest
reduction in shoot dry weights indicating their better performance under saline
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Table 4.6: Mean squares from the Analysis of Variance (ANOVA) of the data for shoot fresh
and dry weights and root fresh weights of thirteen (13) canola (Brassica napus L.) cultivars
when subjected to varying levels of salinity at seedling stage.
df

Shoot Fwt

Shoot dwt

Root Fwt

Salinity

1

1784.5***

17.98***

14986.80***

Lines

12

19.83 ns

0.08 ns

851.23***

12

4.93 ns

0.05 ns

146.37*

Error

78

13.11

0.154

63.45

Total

103

Interaction
Salinity x lines

*, **, ***significance at 0.01 and 0.001 level respectively Ns=Non-significant
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Table 4.7: Mean values for shoot fresh weight, shoot dry weight and root fresh weight of 13
canola cultivars differing in salt tolerance when germinated under control and saline conditions.
Shoot fwt

Shoot dwt

Control

Saline

(0 mM NaCl)

(150 mM NaCl)

Control
(0 mM NaCl)

(150 mM NaCl)

Cyclone

34.10  2.63

22.95  0.91

2.74  0.15

1.72  0.17

Faisal
canola

28.11  1.77

22.37  0.96

2.52  0.16

1.95  0.10

Bulbul-98

30.95  1.93

23.17  2.11

2.9  0.46

2.05  0.30

Dunkeld

31.99  1.94

25.55  1.63

2.47  0.05

1.84  0.15

Shiralee

28.62  1.85

20.02  2.21

2.80  0.43

1.93  0.02

Rainbow

29.77  1.57

21.47  1.02

2.76  0.12

1.77  0.13

Ac-Excel

31.87  2.25

23.23  2.24

2.92  0.14

1.82  0.16

D.G.L

33.15  1.88

26.2  2.09

2.80  0.28

2.12  0.18

Punjab
canola

32.10  2.69

24.15  1.76

2.92  0.26

2.05  0.33

Legend

30.95  3.23

21.32  2.68

2.90  0.20

1.86  0.19

Oscar

32.30  1.89

21.52  2.77

2.70  0.21

1.92  0.15

CON-II

29.92  2.98

21.41  1.25

2.70  0.20

2.70  2.02

CON-III

29.58  1.28

22.35  2.37

2.70  0.32

2.76  2.02

Saline

Root fwt
Control

Saline

(0 mM NaCl)

(150 mM NaCl)

54.00  5.09cd
x
34.90  2.43f
x
38.90  4.95ef
x
44.16  5.18def
x
50.26  4.02cde
x
60.36  5.91bc
x
63.23  1.42abc
x
61.10  9.15bc
x
59.45  6.93bc
x
66.95  3.62abc
x
78.07  7.44a
x
73.67  7.01ab
x
67.65  8.88abc
x

20.13  1.96bc
y
18.45  1.38c
y
18.55  4.40c
y
33.35  4.16ab
y
36.97  1.57ab
y
36.17  0.45ab
y
36.72  3.24ab
y
42.40  3.28a
y
37.67  2.91ab
y
37.10  0.32ab
y
37.17  1.41ab
y
41.77  1.83a
y
44.12  2.09a
y

LSD = 11.21
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5% (salinity
 cultivars); Means  S.E
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Fig 4.4: Fresh and dry weights of shoots and roots of thirteen canola (Brassica napus
L.) cultivars seedlings differing in salinity tolerance when seeds were germinated
under control (0 mM NaCl) and saline conditions (150 mM NaCl).
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conditions (Fig 4.5). Furthermore, salt stress caused a significant reduction in shoot
dry biomasses of cvs. Cyclone followed by No-0732-A1 and Westar (Fig 4.5).
Root fresh weight of 28 canola cultivars was significantly reduced due to salt
stress and cultivars were differed also (Table 4.8). Among all the cultivars, cv.
Rainbow followed by Dunkeld had maximum root fresh weight whereas, cvs. KN252, No-0722-A1, No-0732-A1 and Punjab Canola accumulated lowest root fresh
biomasses under saline conditions (Table 4.9). However, response of all remaining
cultivars was similar under salt stress (Fig 4.5). Values from root dry weight of all
cultivars showed marked significant decline under salt stress. However, cultivars did
not differ significantly in regarding this attribute (Table 4.8; Table 4.9).
Analysis of variance of data for all gas exchange parameters of 28 canola
cultivars showed that salt stress adversely affected all the variables (net CO2
assimilation rate, transpiration rate, sub-stomatal CO2 and ambient CO2) (Table 4.10).
Canola cultivars differed significantly in photosynthetic rate (A) and ambient CO2
(Can) under saline and non-saline conditions (Table 4.11). Net CO2 assimilation rate
decreased linearly in all 28 canola cultivars under growth medium salinity. However,
under saline conditions rate of CO2 assimilation was highly decreased in cvs. KN(s)751V, Oscar, Tower, No-0714-A1, followed by cv. Ac-Excel. The lowest decrease in
photosynthetic rate (A) was found in cv. DGL (Table 4.11; Fig 4.6).
Results from analysis of variance of data for transpiration rate (E) showed
marked reduction in all cultivars under salt stress (Table 4.10). Furthermore,
maximum reduction in rate of transpiration (E) was observed in cv. Chakwal Sarson
followed by Oscar. However, reverse was true for cv. Cyclone (Fig 4.6). Results from
water use efficiency (WUE) showed that this variable increased in most of the
cultivars under saline conditions. However, highest reduction in cvs. No-0720-A1
followed by cvs. Tower and Cyclone was observed in salt stressed plants. However,
WUE increased only in Chakwal Sarson of all other cultivars under saline conditions
(Table 4.13). All cultivars showed varying response to leaf internal CO2 (Ci) to salt
stress. Highest decline was found in cv. No-0722-A1 (Table 4.12). Salinity had no
significant effect on total chlorophyll contents in saline and non-saline conditions
(Table 4.14, Fig 4.7).
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Table 4.8: Mean squares from analysis of variance (ANOVA) of data for Shoot fresh weight,
root fresh weight, shoot dry weight, root fresh weight and root dry weight of 28 canola
cultivars differing in salt tolerance when subjected to varying levels of salinity.
df

Shoot fwt

Shoot dwt

Root fwt

Root dwt

Salinity

1

6181.93***

61.27***

157.85***

2.42***

Lines

27

15.57**

0.29***

2.96***

0.061***

Interaction

27

7.86 ns

0.10 ns

0.914ns

0.033***

112

8.11

0.10

0.75

0.012

Salinity x lines

Error

*, **, ***significance at 0.01 and 0.001 level respectively Ns=Non-significant
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Table 4.9: Mean values for root fresh and dry weights of twenty-eight canola (Brassica
napus L.) cultivars differing in salt tolerance when grown under control and saline
conditions.
Root fwt

Root dwt

Control

Saline

Control

Saline

Bullt-98

4.44  1.26

2.76  0.14

0.60  0.04bcde

0.30  0.02a

RBN-03052
RBN-03046

6.90  1.33

3.13  0.22

0.67  0.13abc

0.38  0.02a

4.64  0.32

2.27  0.58

0.66  0.15abcd

0.27  0.02a

Tower

6.31  0.37

3.04  0.069

0.87  0.15a

0.29  0.01a

NO-0714-A1

2.74  0.35

1.81  0.35

0.77  0.37ab

0.19  0.05a

KN-252

5.73  1.13

2.29  0.20

0.48  0.04bcdefg

0.19  0.03a

No-0717-A1

3.69  0.66

2.51  0.30

0.31  0.03efg

0.27  0.05a

Target

3.13  0.14

1.52  0.12

0.35  0.02defg

0.20  0.01a

SPS-5

3.86  0.48

1.94  0.24

0.30  0.01efg

0.12  0.007a

Oscar

4.16  0.41

1.90  0.23

0.28  0.02efg

0.07  0.01a

KN(s)-75IV

5.74  1.13

3.47  0.31

0.53  0.14bcdefg

0.22  0.01a

Chakwl Sarson

4.50  0.34

2.29  0.20

0.51  0.05bcdefg

0.17  0.02a

RBN-03060

5.13  0.92

2.65  0.39

0.56  0.14bcdef

0.26  0.03a

KN-120-35

3.74  1.02

2.26  0.81

0.56  0.12bcdefg

0.19  0.05a

Westar

3.81  0.68

2.26  0.24

0.24  0.06fg

0.19  0.02a

10-97-5/2-4

4.18  0.19

2.80  0.59

0.42  0.10cdefg

0.16  0.03a

NO-0722-A1

4.65  0.61

1.98  0.29

0.52  0.02bcdefg

0.17  0.02a

Dunkeld

3.13  0.28

2.26  0.17

0.42  0.08cdefg

0.17  0.01a

NO-0720-A1

3.90  0.68

2.09  0.39

0.35  0.03cdefg

0.21  0.02a

NO-0732-A1

3.71 1.22

1.59  0.27

0.50  0.11bcdefg

0.10  0.02a

Punjab Canola

4.83  0.63

2.07  0.33

0.22  0.02g

0.17  0.02a

Rainbow

3.22  0.17

2.59  0.43

0.37  0.03cdefg

0.26  0.01a

Shiralee

2.83  0.76

1.90  0.25

0.25  0.01fg

0.19  0.007a

Legend

3.35  0.47

2.08  0.49

0.33  0.04efg

0.21  0.02a

Ac-Excel

4.92  1.04

2.80  0.60

0.29  0.01efg

0.24  0.02a

DGL

3.27  0.76

1.80  0.50

0.44  0.04cdefg

0.21  0.05a

Bulbul-98

4.20  1.01

2.16  0.81

0.25  0.01fg

0.21  0.01a

Cyclone

3.71  0.55

1.93  0.41

0.46  0.03cdefg

0.15  0.02a
LSD = 0.153

Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD
5% (salinity  cultivars); Means  S.E
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Fig 4.5: Fresh and dry weights of shoots and roots of twenty eight (28) canola
(Brassica napus L.) cultivars differing in salinity tolerance when three weeks old
plants were subjected to 150 mM NaCl salinity for four weeks.
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Table 4.10: Mean squares from analysis of variance (ANOVA) of data for net CO2
assimilation rate, transpiration rate, sub-stomatal CO2, ambient CO2 and WUE of 28 canola
cultivars differing in salt tolerance when subjected to varying levels of salinity.
df

A

E

Ci

Can

Salinity

1

3615.99***

263.61***

525246.61***

1809.47**

0.684ns

Lines

27

3.75 ns

0.59 ns

454.14 ns

628.22***

4.49***

27

7.83***

0.37 ns

290.31 ns

1148.63***

3.16***

Error

168

2.45

0.43

348.99

192.69

Total

223

Interaction

A/E

Salinity x lines
0.811

**, ***significance at 0.01 and 0.001 level respectively Ns=Non-significant
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Table 4.11: Mean values for photosynthetic rate (A) and transpiration rate (E) of twentyeight canola (Brassica napus L.) cultivars differing in salt tolerance when grown under
control and saline conditions.
A
Bullt-98
RBN-03052
RBN-03046
Tower
NO-0714-A1
KN-252
No-0717-A1
Target
SPS-5
Oscar
KN(s)-75IV
Chakwl Sarson
RBN-03060
KN-120-35
Westar
10-97-5/2-4
NO-0722-A1
Dunkeld
NO-0720-A1
NO-0732-A1
Punjab Canola
Rainbow
Shiralee
Legend
Ac-Excel
DGL
Bulbul-98
Cyclone

E

Control

Saline

Control

Saline

18.25  0.88ab
19.63  1.23ab
18.11  1.01ab
21.45  0.40a

9.61  0.25ab
11.97  0.89ab
10.84  0.73ab
9.77  1.05ab

4.86  0.42
5.14  0.58
4.79  0.27
5.20  0.25

19.65  1.13ab
17.74  0.74ab
18.44  1.15ab
19.92  0.72ab
19.05  1.31ab
19.71  1.13ab
20.01  0.98ab
18.23  1.12ab
19.33  0.67ab
19.51  0.57ab
18.39  0.89ab
18.13  0.81ab
20.13  1.01ab
18.58  1.40ab
18.24  1.20ab
17.38  0.54ab
17.44  1.14ab
17.10  1.38b
17.89  1.53ab
17.28  1.75b
19.23  0.64ab
16.65  1.52b
18.03  1.12ab
17.01  0.85b

8.75  0.51ab
10.71  0.37ab
10.51  0.87ab
10.53  1.17ab
11.46  0.75ab
8.65  0.59ab
7.90  0.71b
11.66  0.65ab
10.96  0.31ab
11.86  0.44ab
11.03  0.72ab
11.11  0.74ab
10.11  0.81ab
12.68  0.58a
8.69  0.44ab
10.76  0.48ab
12.07  0.70a
11.72  0.86ab
11.22  0.95ab
10.41  0.41ab
8.74  0.31ab
12.39  0.78a
10.25  0.29ab
9.16  0.40ab

5.10  0.33
5.13  0.47
4.98  0.61
5.49  0.30
5.16  0.35
5.06  0.36
5.10  0.31
4.83  0.30
5.24  0.53
4.50  0.06
5.24  0.69
4.74  0.58
4.98  0.44
4.75  0.39
5.04  0.38
5.05  0.39
4.98  0.52
4.92  0.59
5.03  0.47
4.76  0.66
5.26  0.38
4.35  0.24
4.83  0.43
5.11  0.57

3.07  0.32
3.24  0.50
2.97  0.34
3.29  0.19
3.05  0.34
2.73  0.28
3.24  0.27
2.88  0.29
3.35  0.48
2.31  0.33
2.49  0.34
2.03  0.14
2.38  0.15
2.39  0.14
2.84  0.38
2.26  0.10
2.34  0.13
2.50  0.24
3.08  0.08

LSD = 2.095

2.37  0.11
3.22  0.24
2.29  0.15
3.01  0.26
2.99  0.31
3.12  0.49
2.90  0.18
2.68  0.20
3.85  0.30
LSD = 1.116

Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD
5% (salinity  cultivars); Means  S.E
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Table 4.12: Mean values for sub-stomatal CO2 (Ci) and ambient CO2 (Can) of twentyeight canola (Brassica napus L.) cultivars differing in salt tolerance when grown under
control and saline conditions.
Ci
Bullt-98
RBN-03052
RBN-03046
Tower
NO-0714-A1
KN-252
No-0717-A1
Target
SPS-5
Oscar
KN(s)-75IV
Chakwl Sarson
RBN-03060
KN-120-35
Westar
10-97-5/2-4
NO-0722-A1
Dunkeld
NO-0720-A1
NO-0732-A1
Punjab Canola
Rainbow
Shiralee
Legend
Ac-Excel
DGL
Bulbul-98
Cyclone

Can

Control

Saline

Control

Saline

297.12  18.12

220.75  11.46

308.6  9.86fgh

349.0  2.96ab

308.82  11.40
311.32  9.04
305.75  7.50

210.77  19.36
220.50  9.30
213.07  11.13

305.9  4.63fgh
325.4  4.05bcdefgh

335.6  12.7abc

305.6  5.27fgh

327.9  14.2abcd

309.32  3.37

219.02  18.33

299.6  3.5h

316.8  18.6bcd

318.75  8.43

229.00  12.58

313.5  1.79efgh

318.9  3.06abcd

300.55  7.26

217.72  6.31

315.5  7.07defgh

327.8  2.36abcd

311.65  16.00

203.42  7.11

303.0  1.86gh

321.0  4.94abcd

311.35  4.37

225.95  10.46

308.7  6.51fgh

314.1  8.43bcd

320.22  6.04

207.52  12.17

311.8  6.89efgh

321.2  1.95abcd

323.02  5.32

220.50  13.63

309  5.17fgh

334.7  12.9abc

322.55  5.47

216.50  13.69

317.5  2.09cdefgh

342.2  5.21abc

310.82  4.18

217.87  13.30

307.7  2.90fgh

354.9  3.97a

302.12  3.37

202.60  10.41

312.4  1.53efgh

329.9  4.01abc

309.5  10.15

203.50  12.24

305.4  4.13fgh

337.9  5.93abc

321.72  5.81

204.37  9.43

319.7  5.27cdefgh

342.0  6.36abc

305.70  3.05

190.80  6.16

349.4  6.96abc

331.0  9.69abc

306.45  2.18

215.40  2.06

344.9  9.77abcde

330.8  10.2abc

294.1  10.96

195.30  4.91

348.1  5.01abcd

313.6  5.12bcd

283.50  10.20

214.72  19.04

354.4  3.03ab

319.5  14.9abcd

307.75  8.52

205.22  12.78

336.7  4.09abcdefg

295.3  6.28d

293.22  8.65

206.07  18.31

357.2  2.69a

332.0  6.12abc

304.00  11.06

191.80  7.94

326.3  9.81bcdefgh

325.4  15.1abcd

318..5  13.92

204.25  10.18

334.5  6.43abcdefgh

320.1  8.51abcd

299.75  12.00

211.02  5.93

319.2  1.16cdefgh

327.1  7.78abcd

310.25  14.67

223.10  7.38

339.9  6.12abcdef

309.2  14.5cd

312.50  13.37

218.57  15.51

317.2  5.38cdefgh

339.6  17.1abc

307.50  7.28

206.75  8.37

322.1  2.55cdefgh

325.8  8.18abcd

335.5  13.1abc

LSD = 25.78

Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD
5% (salinity  cultivars); Means  S.E
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Table 4.13: Mean values for total chlorophyll contents (SPAD values) of ten canola
(Brassica napus L.) cultivars differing in salt tolerance when grown under control and
saline conditions.
WUE (A/E)

Bullt-98
RBN-03052
RBN-03046
Tower
NO-0714-A1

KN-252
No-0717-A1
Target
SPS-5
Oscar
KN(s)-75IV
Chakwl Sarson
RBN-03060
KN-120-35
Wastar
10-97-5/2-4
NO-0722-A1

Dunkeld
NO-0720-A1
NO-0732-A1

Punjab Canola
Rainbow
Shirallee
Legend
Ac-Excel
DGL
Bulbul-98
Cyclone

Control

Saline

4.08  0.75a
3.88  0.33a
3.82  0.42 a
4.15  0.26a
2.77  0.21a
3.53  0.39 a
2.85  0.13a
3.65  0.25a
2.96  0.62a
3.12  0.65a
3.03  0.53a
3.00  0.67a
3.82  0.31a
4.33  0.47a
3.64  0.42a
4.23  0.44a
7.49  0.52a
5.53  0.84a
5.50  1.20a
5.43  0.75a
3.99  0.40a
4.03  0.54a
3.56  0.08a
3.84  0.82a
3.12  0.32a
3.86  0.45a
3.08  0.04a
3.82  0.52a

2.76  0.55a
3.47  0.67 a
2.85  0.68a
2.44  0.82 a
2.95  0.36a
4.02  0.45a
2.97  0.58 a
3.78  0.69a
3.59  0.62a
3.92  0.65a
3.29  0.53a
5.83  0.67a
4.63  0.31a
5.02  0.47a
4.35  0.42a
4.95  0.44a
4.36  0.52a
5.16  0.51a
2.47  0.19a
4.56  0.31a
3.21  0.57a
5.12  0.38a
3.84  0.66a
3.58  0.47a
2.89  0.28a
4.31  0.44a
3.88  0.37a
2.36  0.40a

Total chlorophyll contents (SPAD
values)
Control
Saline
43.93  2.17
43.33  1.26
40.41  1.63
41.96  1.07
47.55  3.32
46.15  3.02
38.15  1.01
39.55  2.21
40.25  0.94
39.78  3.07
39.33  2.21
43.83  1.87
42.51  3.18
37.41  0.58
41.98  3.72
34.66  1.69
42.68  3.26
39.78  2.65
40.50  1.56
44.66  1.84
39.26  2.76
41.43  2.21
38.83  1.98
42.88  0.90
42.20  2.45
43.20  2.24
37.95  0.71
39.26  1.52

41.90  3.57
40.20  2.01
44.90  2.89
43.76  1.93
42.00  2.77
42.80  1.05
39.61  2.14
39.38  2.58
41.28  2.18
40.91  2.71
41.06  2.03
39.70  2.69
42.46  2.51
36.78  2.60
38.70  2.76
41.63  2.62
39.15  2.22
37.03  1.56
42.28  1.32
43.83  2.41
42.63  3.55
41.03  3.13
37.00  2.05
39.81  2.59
41.18  2.39
39.15  1.91
34.18  0.84
37.01  2.17
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A (µ mol CO2 m-2 S-1 )

25

control

150 mM

20
15
10
5

Ci (µmol mol-1)

0
400
300
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CAN (µmol mol-1)

0
400
300
200
100
0
8

4
2
0
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8
6
4
2
0

control

150 mM

Bullt‐98
RBN‐03052
RBN‐03046
TOWER
NO‐0714‐A1
KN‐252
No‐0717‐A1
Target
SPS‐5
Oscar
KN(s)‐75IV
Chakwl Sarson
RBN‐03060
KN‐120‐35
WASTAR
10‐97‐5/2‐4
NO‐0722‐A1
DUNKELD
NO‐0720‐A1
NO‐0732‐A1
PUNJAB…
RAINBOW
SHIRALLE
LEGEND
Ac EXCEL
DGL
BULBUL‐98
CYCLON

WUE (A/E)

E (mmol H2O m-2 S-1)

6

Fig 4.6: Gas exchange characteristics and water use efficiency (WUE) of twenty
eight (28) canola (Brassica napus L.) cultivars differing in salinity tolerance when
three weeks old plants were subjected to 150 mM NaCl salinity for four weeks.
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Table 4.14: Mean squares from analysis of variance (ANOVA) of data for total chlorophyll
contents (SPAD values) of 28 canola cultivars differing in salt tolerance when subjected to
varying levels of salinity.
df

SS

MS

F

P

Salinity

1

86.75

86.75

3.23

.0741ns

Lines

27

1448.49

53.64

1.99

.0044**

27

459.43

17.01

0.63

.9187ns

168

4511.49

26.85

1.35

Interaction
Salinity x lines

Error
Total

223

**, ***significance at 0.01 and 0.001 level respectively Ns=Non-significant
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Chlorophyll contents (SPAD values)
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Fig 4.7: Total chlorophyll contents of twenty eight (28) canola (Brassica napus L.)
cultivars differing in salinity tolerance when three weeks old plants were subjected to
150 mM NaCl salinity for four weeks.
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Assessment of salt tolerance in canola germplasm based on plant
water status and photosynthetic pigments
Experiment 2:
Results from analysis of variance of data for shoot fresh weight showed that
imposition of salt stress significantly reduced all 26 canola cultivars (Table 4.15).
Increase in salt level further decreased the shoot fresh biomass. Response of cultivars
to two levels of salinity also differed. At low soil salinity level (100 mM NaCl) lowest
reduction in shoot fresh weight was observed in cv. RBN-03060 followed by cvs.
Chakwal Sarson, NURYT 302/30 and Legend while this variable was highly reduced
in cv. Target (Fig 4.8). However, at high salinity level no difference among cultivars
was observed. Salt stress significantly reduced shoot dry weight of all the cultivars
(Table 4.15). Furthermore, maximum reduction at low salt level (100 mM) shoot dry
weight was shown in cv. 201/24 followed by cv. Chinese hybrid and PYT-IndHybrid. Minimum reduction in shoot dry biomass at 100 mM salt level was found in
cvs. NURYT 302/30 followed by RBN-03060 and Sps-5 (Fig 4.8). Difference
between cultivars was not prominent at 200 mM salt level.
Growth medium salinity significantly decreased root fresh biomass of all
canola cultivars (Table 4.15). However, cv. NURYT 304/19 was lowest followed by
NURYT 202/19 while highest root fresh weight was observed in NURYT 202/30
followed by Oscar and Legend at low salinity level (Table 4.16). At higher salinity
level, the negative effect was minimum effect on root fresh biomass of cvs. Target
followed Legend. Salt stress significantly decreased root dry weight at low salinity
level in all cultivars (Table 4.16). Inhibitory effect of low salinity level was more
evident in NURYT 201/24 whereas in cv. Bulbul-98 followed cvs. RBN-03060 and
Oscar inhibitory effect was reduced in terms of root dry biomass (Fig 4.8). Root dry
weight remained uniform with increase in external salt treatment except in cv.
Dunkeld where higher root dry weight was observed.
Rooting medium salinity significantly reduced the relative water contents
(RWC) and total chlorophyll contents (SPAD values) of all the 26 cultivars however
cultivars did not differ under saline and non-saline conditions (Table 4.15; Fig. 4.9).
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Table 4.15: Mean squares from analysis of variance (ANOVA) of data for shoot fresh
weight, shoot dry weight, root fresh weight, root dry weight, relative water contents and
total chlorophyll contents of 26 canola cultivars differing in salt tolerance at varying levels
of salinity.
df

Shoot
fwt.

Salinity

2

Lines

Shoot
dwt.

Root
fwt.

Root
dwt.

RWC

Total
Chl.

581.25*** 2.20***

2.67***

0.138***

1626.69*** 379.51***

25

1.58ns

0.005ns

0.047***

0.001ns

21.19ns

38.77***

Interaction
Salinity x
lines

50

1.62ns

0.005ns

0.031*

0.001ns

19.80ns

12.69ns

Error

156

1.16

0.004

0.019

0.001

22.25

10.39

Total

233

**, ***significance at 0.01 and 0.001 level respectively Ns=Non-significant
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Table 4.16: Mean values for Root fresh and dry weights of twenty-six (26) canola
(Brassica napus L.) cultivars differing in salt tolerance when subjected to 0, 100 and 200
mM NaCl salinity.
Root fwt.

Root dwt

Control

100 mM

200 mM

Control

100 mM

200 mM

Cyclone
Faisal
canola
Bulbul-98

0.69  0.14abc

0.34  0.05a

0.17  0.01a

0.111  0.018

0.050  0.010

0.026  0.000

0.54  0.09abcd

0.25  0.04a

0.16  0.04a

0.108  0.023

0.040  0.007

0.032  0.016

0.35  0.07bcd

0.26  0.05a

0.12  0.05a

0.073  0.020

0.073  0.058

0.017  0.003

Legend

0.31  0.05cd

0.29  0.03a

0.18  0.04a

0.040  0.009

0.033  0.012

0.016  0.006

Dunkeld

0.38  0.01bcd

0.31  0.07a

013  0.04a

0.069  0.012

0.041  0.009

0.055  0.039

Shiralee

0.53  0.30abcd

0.22  0.03a

0.11  0.03a

0.107  0.055

0.037  0.012

0.017  0.001

Rainbow

0.71  0.12ab

0.29  0.04a

0.24  0.10a

0.140  0.060

0.053  0.017

0.033  0.015

Ac-Excel

0.44  0.05abcd

0.22  0.03a

0.14  0.07a

0.060  0.008

0.036  0.006

0.012  0.001

D.G.L
Punjab
canola
Chakwal
Sarson
Chinese
hybrid
Ind-hydR26
PYT-IndHybrid
Target

0.42  0.08abcd

0.29  0.07a

0.11  0.02a

0.076  0.024

0.046  0.014

0.016  0.004

0.65  0.13abc

0.29  0.04a

0.10  0.03a

0.105  0.032

0.044  0.001

0.010  0.003

0.60  0.09abcd

0.40  0.02a

0.13  0.04a

0.106  0.011

0.061  0.003

0.017  0.002

0.64  0.16abc

0.26  0.04a

0.17  0.03a

0.152  0.044

0.043  0.010

0.022  0.002

0.74  0.18ab

0.35  0.13a

0.22  0.06a

0.141  0.049

0.053  0.018

0.034  0.007

0.72  0.25ab

0.40  0.11a

0.16  0.08a

0.138  0.052

0.056  0.012

0.024  0.010

0.38  0.04bcd

0.29  0.05a

0.30  0.06a

0.126  0.075

0.047  0.013

0.034  0.001

Oscar
RBN-03046
RBN-03060

0.36  0.06bcd

0.36  0.16a

0.26  0.12a

0.052  0.010

0.055  0.028

0.021  0.006

0.23  0.03b

0.31  0.16a

0.16  0.12a

0.135  0.103

0.053  0.028

0.020  0.006

0.45  0.01abcd

0.47  0.09a

0.20  0.12a

0.076  0.015

0.074  0.020

0.029  0.014

KN-252
Sps-5
NURYT508/10
NURYT105/12
NURYT202/19
NURYT201/24
NURYT302/30
NURYT304/19

0.55  0.11ab

0.39  0.13a

0.19  0.00a

0.124  0.038

0.048  0.013

0.028  0.012

0.79  0.05a

0.38  0.10a

0.23  0.06a

0.139  0.024

0.047  0.011

0.016  0.007

0.64  0.06abc

027  0.02a

0.19  0.05a

0.144  0.020

0.039  0.004

0.026  0.002

0.47  0.11abcd

0.31  0.06a

0.23  0.10a

0.079  0.001

0.036  0.006

0.037  0.003

0.72  0.08ab

0.26  0.04a

0.18  0.01a

0.152  0.002

0.042  0.005

0.020  0.006

0.29  0.05cd

0.23  0.03a

0.10  0.01a

0.043  0.014

0.033  0.000

0.012  0.000

0.52  0.06abcd

0.52  0.13a

0.20  0.05a

0.106  0.012

0.086  0.008

0.024  0.008

0.80  0.19a

0.27  0.04a

0.22  0.05a

0.157  0.065

0.041  0.005

0.033  0.005

LSD = 0.22
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD
5% (salinity  cultivars); Means  S.E
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Fig 4.8: Fresh and dry weights of twenty six (26) canola (Brassica napus L.) cultivars differing
in salinity tolerance when three weeks old plants were subjected to 0, 100 and 200 mM NaCl
salinity for four weeks.
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Fig 4.9: Relative water contents and total chlorophyll contents of twenty six (26) canola
(Brassica napus L.) cultivars differing in salinity tolerance when three weeks old plants were
subjected to 0,100 and 200 mM NaCl salinity for four weeks.
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Assessment of salt tolerance in selected canola cultivars based on ion
accumulation and photosynthetic pigments
Experiment 3:
Salt stress caused a significant reduction in shoot fresh and dry biomasses of
12 canola cultivars (Table 4.17). Cultivars showed a different response in terms of
shoot fresh biomass under control and saline conditions. Highest shoot fresh weight
was observed in cultivar Legend followed by Punjab canola while least of the 12
cultivars in Target saline conditions (Table 4.19). However, all other remaining of the
12 cultivars was similar in shoot fresh weights under rooting medium salinity.
Imposition of salt stress had detrimental effect on shoot dry weight (Table 4.17).
Cultivar Target exhibited higher reduction and lowest reduction shoot dry weight was
found in cv. Punjab Canola followed by cv. Legend. Growth medium salinity also
caused a significant reduction in root fresh and dry biomass of all cultivars (Table
4.17). However, least reduction in root fresh biomass was found in cvs. Legend
followed by Dunkeld and higher reduction in cvs Target followed by Punjab canola
(Fig 4.10). Furthermore, highest reduction in root dry weight was shown in cvs.
Cyclone followed by Shiralee and least reduction in cvs. Punjab Canola followed
Legend (Table 4.20; Fig. 4.10).
Soil medium salinity caused significant increase in leaf sodium concentration
in all cultivars (Table 4.18). In cvs. Cyclone and NURYT 202/19 the shoot Na+
concentration was markedly increased whereas in cvs. Dunkeld and Punjab Canola
increase in Na+ accumulation was lesser than the other cultivars (Fig 4.11).

In

contrast, high potassium accumulation was observed in DGL in saline conditions,
while cultivar Cyclone had a minimum shoot K+ accumulation (Fig 4.11). Plants
growing under saline conditions exhibited lower RWC as compared to plants growing
under normal conditions (Table 4.18; ). Among the 12 cultivars, Target had maximum
relative water contents and least in NURYT-202/19 (Table 4.22). Results from Total
chlorophyll contents (SPAD values) revealed higher chlorophyll accumulation in
leaves of the plants subjected to salt stress. Maximum total chlorophyll contents were
shown in cvs. DGL and Cyclone had minimum under saline conditions (Table 4.18;
Fig 4.22).
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Table 4.17: Mean squares from analysis of variance (ANOVA) of data for shoot fresh
weights, shoot dry weights, root fresh weights and root dry weights of 12 canola cultivars
differing in salt tolerance when subjected to varying levels of salinity.
df

Shoot fwt.

Shoot dwt.

Root fwt.

Root dwt.

Salinity

1

72.43***

0.855***

1.000***

0.008***

Lines

11

0.597**

0.002ns

0.014ns

3.45*

11

0.466**

0.002ns

0.014ns

3.46*

Error

72

0.184

0.004

0.008

1.78

Total

95

Interaction
Salinity x lines

**, ***significance at 0.01 and 0.001 level respectively Ns=Non‐significant

Table 4.18: Mean squares from analysis of variance (ANOVA) of data for relative water
contents, total chlorophyll contents (SPAD values), leaf potassium and sodium of 12 canola
cultivars differing in salt tolerance when subjected to varying levels of salinity.
df

RWC

Total Chl.

K+

Na+

Salinity

1

7130.39***

359.4***

2525.35***

1571.4***

Lines

11

27.22ns

34.24***

2.28ns

6.46*

11

48.50*

19.60*

3.20ns

2.48ns

72

22.52

9.07

3.65

3.10

Interaction
Salinity x lines

Error
Total

95

**, ***significance at 0.01 and 0.001 level respectively Ns=Non‐significant
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Table 4.19: Mean values for shoot fresh and dry weights of 12 canola (Brassica napus L.)
cultivars differing in salt tolerance when subjected to 0 and 150 mM NaCl salinity.
Shoot Fwt.
Control
Saline

Shoot Dwt
Control

Saline

(0 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(150 mM NaCl)

3.16  0.13bc
y

1.32  0.31a
X

0.325  0.028

0.142  0.039

Faisal canola

3.22  3.22bc
y

1.70  0.25a
x

0.299  0.027

0.135  0.019

Bulbul-98

3.46  0.24bc
y

1.78  0.25a
x

0.305  0.024

0.128  0.026

Dunkeld

3.64  0.29ab
y

1.96  0.20a
x

0.368  0.044

0.141  0.015

Shiralee

3.78  0.16ab
y

2.04  0.16a
x

0.349  0.019

0.140  0.014

Rainbow

3.56  0.44abc
y

1.80  0.12a
x

0.365  0.118

0.131  0.009

Ac-Excel

2.65  0.20c
y

1.45  0.22a
x

0.287  0.056

0.132  0.016

D.G.L

3.70  0.23ab
y

1.82  0.18a
x

0.368  0.078

0.161  0.012

Punjab canola

3.52  0.10abc
y

2.00  0.36a
x

0.308  0.011

0.163  0.026

Target

4.42  0.41a
y

1.28  0.37a
x

0.363  0.027

0.114  0.013

Legend

3.51  0.21abc
y

2.14  0.20a
X

0.340  0.062

0.175  0.012

3.11  0.23bc
y

1.59  0.17a
X

0.289  0.023

0.140  0.013

Cyclone

NURYT-202/19

LSD = 0.604
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5%
(salinity  cultivars); Means  S.E
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Table 4.20: Mean values for root fresh and dry weights of 12 canola (Brassica napus L.)
cultivars differing in salt tolerance when subjected to 0 and 150 mM NaCl salinity.
Root Fwt.

Root Dwt

Control
(0 mM NaCl)

Saline
(150 mM NaCl)

0.496  0.051

0.217  0.063

0.070  0.007a
x

0.036  0.010a
x

Faisal canola

0.436  0.071

0.269  0.029

0.066  0.011a
x

0.039  0.006a
x

Bulbul-98

0.395  0.046

0.223  0.034

0.059  0.007a
x

0.032  0.004a
x

Dunkeld

0.398  0.039

0.309  0.032

0.055  0.007a
x

0.043  0.004a
x

0.569  0.075

0.249  0.066

0.076  0.003a
x

0.038  0.010a
x

0.462  0.052

0.335  0.072

0.060  0.005a
x

0.038  0.006a
x

0.425  0.046

0.199  0.088

0.055  0.010a
x

0.039  0.011a
x

0.407  0.033

0.259  0.033

0.054  0.007a
x

0.044  0.010a
x

0.509  0.043

0.185  0.024

0.064  0.005a
x

0.058  0.011a
x

0.467  0.049

0.159  0.063

0.058  0.005a
x

0.035  0.006a
x

0.486  0.073

0.396 0.063

0.059  0.008a
x

0.069  0.009a
x

0.426  0.052

0.227  0.035

0.050  0.007a
x

0.034  0.008a
x

Cyclone

Shiralee
Rainbow
Ac-Excel
D.G.L
Punjab canola
Target
Legend

NURYT-202/19

Control
(0 mM NaCl)

Saline
(150 mM NaCl)

LSD = 1.88
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5%
(salinity  cultivars); Means  S.E
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Fig 4.10: Fresh and dry weights of shoots and roots of twelve canola
(Brassica napus L.) cultivars differing in salinity tolerance when three
weeks old plants were subjected to 0 and 150 mM NaCl salinity.
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Table 4.21: Mean values for relative water contents and total chlorophyll contents (SPAD
values) of 12 canola (Brassica napus L.) cultivars when subjected to 0 and 150 mM NaCl
salinity.
Total chlorophyll contents

RWC
Control
(0 mM NaCl)

Saline
(150 mM NaCl)

92.41  1.55a
y

74.91  2.64bcde
x

Faisal canola

92.85  0.79a
y

Bulbul-98
Dunkeld

Cyclone

Shiralee
Rainbow
Ac-Excel
D.G.L
Punjab canola
Target
Legend

NURYT-202/19

(SPAD)
Control
Saline
(0 mM NaCl)
(150 mM NaCl)
33.7  0.84abc

33.98  1.49d

80.03  3.60abc
x

34.43  0.86ab

39.97  1.59ab

93.84  1.44a
y

71.31  6.27de
x

33.98  1.25abc

38.41  1.19abc

94.66  0.823a
y

75.81  2.17bcd
x

29.93  0.80c

34.74  0.82cd

91.55  2.03a
y

79.49  1.30abc
x

34.37  0.87ab

38.28  1.23abc

93.38  1.54a
y

74.14  2.57bcde
x

31.93  0.72bc

37.63  0.66abcd

95.23  0.38a
y

71.71  4.12de
x

33.00  1.37bc

36.54  0.63abcd

90.92  1.47a
y

80.68  4.64ab
x

35.13  1.36ab

40.55  1.08a

95.62  0.56a
y

73.92  3.72cde
x

35.18  1.02ab

39.20 1.41ab

94.63  1.06a
y

83.20  0.69a
x

33.74  0.27abc

38.47  1.44abc

93.08  0.70a
y

78.67  1.81abc
x

32.14  0.97bc

39.13  1.12ab

93.79  0.84a
y

68.85  5.86e
x

37.73  1.44a

36.21  1.35bcd

LSD = 6.68
LSD = 4.24
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5%
(salinity  cultivars); Means  S.E
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Fig 4.11: Total chlorophyll contents, relative water contents, Na+ and K+
of twelve canola (Brassica napus L.) cultivars differing in salinity
tolerance when three weeks old plants were subjected to 0 and 150 mM
NaCl salinity.
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Assessment of salt tolerance in selected canola cultivars using
physiological and biochemical attributes
Experiment 4:
Imposition of salt stress in the rooting medium significantly reduced shoot
fresh and dry weights of 13 canola cultivars. Analysis of variance of the data for shoot
fresh weights of canola cultivars showed a significant reduction in all cultivars under
saline conditions (Table 4.22). Cultivars Punjab canola followed by DGL and
Dunkeld showed relatively higher shoot fresh biomass (Fig 4.12) whereas cvs.
Shiralee followed by Oscar were lower in this variable (Fig 4.12). Salt stress
markedly decreased shoot dry biomass of all the cultivars (Table 4.22). However,
relatively least reduction in shoot dry weight was observed in cv.DGL followed by
cvs. Punjab Canola and Faisal Canola while higher reduction in cv. Shiralee followed
by Bulbul-98 (Fig 4.12). A significant reduction in fresh and dry weights of roots was
observed in salinized canola plants (Table 4.22). Results show that under normal
conditions cv. Cyclone had higher root fresh biomass and lowest in cv. CON-III while
cv. DGL accumulated higher roots dry biomass and lower in cv. Cyclone under saline
conditions. However, all canola cultivars remained unchanged in terms of root fresh
weight under saline conditions (Table 4.24; Fig 4.12).
Data from ion analysis showed that plants under salt stress accumulated higher
leaf Na+ with subsequent decrease in leaf K+ in all 13 canola cultivars (Fig 4.13).
Although cultivars did not differ significantly in these attributes, under non-saline
conditions plants of all the cultivars had lowest accumulation of leaf Na+ and higher
leaf K+ concentration (Fig 4.13). However, when plants were subjected to 150 mM
NaCl salinity, a significant increase in Na+ concentration was observed which cause
reduction in leaf K+ accumulation (Fig 4.13). Same was true for ion accumulation in
roots (Fig 4.13).
Application of NaCl salinity had detrimental effect on total soluble protein and
total free amino acid accumulation in all canola cultivars (Table 4.24). Cultivar
Legend had more total soluble proteins under saline conditions while lower in cv AcExcel. All the cultivars had a similar response to control and saline conditions in
terms of accumulation of total free amino acids (Fig 4.14).
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Table 4.22. Mean squares from analysis of variance (ANOVA) of data for Shoot fresh weight, root fresh weight, root fresh weight, root
dry weight and number of Pods of 13 canola cultivars grown under varying levels of salinity.
df

Shoot fwt.

Shoot dwt.

Root fwt.

Root dwt.

Shoot fwt.

Salinity

1

725.00***

8.90***

105.35***

17.53***

48882.08***

1878.5ns

Lines

12

11.30***

0.10***

1.127***

0.195**

181.21**

690.33ns

Interaction
Salinity x lines

12

1.93ns

0.02ns

0.593*

0.103ns

106.78ns

744.62ns

Error

52

3.13

0.02

0.303

.057

68.24

622.20

(% of control)

No. PODs

Ns = Non-significant; *, **, *** significant at 0.05, 0.01 and 0.001 Probability
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Table 4.23: Mean values for root fresh and dry weights of thirteen (13) canola (Brassica
napus L.) cultivars differing in salinity tolerance when subjected to 0 and 150 mM NaCl
salinity.
Root fwt

Cyclone
Faisal canola
Bulbul-98
Dunkeld
Shiralee
Rainbow
Ac-Excel
D.G.L
Punjab canola
Legend
Oscar
CON-II
CON-III

Control

Saline

(0 mM NaCl)

(150 mM NaCl)

4.87  0.736a
y
3.395  0.820bc
y
3.147  0.393bc
y
3.41  0.626bc
y
3.513  0.376bc
y
3.841  0.878b
y
3.198  0.567bc
y
2.364  0.411bc
y
3.481  0.374bc
y
3.028  0.360bc
y
2.438  0.202bc
y
2.375  0.097bc
y
2.293  0.118c
y

0.894  0.115a
x
1.003  0.360a
x
0.675  0.049a
x
0.981  0.185a
x
0.893  0.117a
x
0.998  0.124a
x
1.275  0.143a
x
0.837  0.113a
X
1.081  0.324a
X
0.851  0.204a
X
0.505  0.122a
X
0.58  0.161a
X
0.568  0.100a
X

Root dwt
Control
Saline
(0 mM NaCl)

(150 mM NaCl)

2.049  0.225

0.348  0.059

1.313  0.419

0.373  0.078

1.167  0.121

0.273  0.027

1.312  0.327

0.407  0.086

1.552  0.222

0.451  0.041

1.597  0.266

0.544  0.093

1.462  0.275

0.578  0.113

1.087  0.096

0.465  0.046

1.518  0.194

0.532  0.161

1.412  0.194

0.438  0.075

1.001  0.082

0.232  0.089

1.071  0.089

0.274  0.071

1.016  0.127

0.281  0.039

LSD = 0.774

Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD
5% (salinity  cultivars); Means  S.E
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Fig 4.12: Fresh and dry weights of shoots and roots of thirteen canola (Brassica
napus L.) cultivars differing in salinity tolerance when three weeks old plants were
subjected to 0 and 150 mM NaCl salinity.

82

Table 4.24. Mean squares from analysis of variance (ANOVA) of data for total soluble proteins, total free amino acids, leaf and root
Na+, K+ of 13 canola cultivars grown under varying levels of salinity.
df

Total Soluble
Proteins

Total free
amino acids

Shoot Na+

Root Na+

Shoot K+

Root K+

Salinity

1

411.74***

233.93***

2810.6***

8.15**

6558.06***

3057.5***

Lines

12

5.75**

5.50***

4.10*

1.70*

24.44ns

11.62**

Interaction
Salinity x lines

12

3.61*

2.077ns

3.54ns

0.97ns

21.58ns

5.83ns

Error

78

1.83

1.18

2.10

0.77

13.19

3.76

Ns = Non-significant; *, **, *** significant at 0.05, 0.01 and 0.001 Probability
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Fig 4.13: Na and K of shoots and roots of thirteen canola (Brassica napus L.)
cultivars differing in salinity tolerance when three weeks old plants were subjected to
0 and 150 mM NaCl salinity.
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Fig 4.14: Total soluble proteins, total free amino acids and number of pods of
thirteen canola (Brassica napus L.) cultivars differing in salinity tolerance when
three weeks old plants were subjected to 0 and150 mM NaCl salinity.
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Table 4.25: Mean squares from analysis of variance (ANOVA) of data for net CO2 assimilation rate, transpiration rate, sub-stomatal CO2,
ambient CO2 and WUE of 13 canola cultivars differing in salt tolerance when subjected to varying levels of salinity.
df

A

E

Ci

Can

A/E

Salinity

1

1365.7***

113.38***

251608.8***

31.29 ns

0.992 ns

Lines

12

3.064 ns

0.678 ns

323.09 ns

487.2**

3.317***

Interaction
Salinity x lines

12

7.728**

0.465 ns

281.80 ns

1274.6***

2.589***

Error

78

2.829

0.483

374.47

195.0

Total

103

0.771

Ns = Non-significant; *, **, *** significant at 0.05, 0.01 and 0.001 Probability
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Table 4.26: Mean values for photosynthetic rate (A) and transpiration rate (E) of thirteen (13)
canola (Brassica napus L.) cultivars differing in salinity tolerance when subjected to 0 and 150 mM
NaCl salinity.
Photosynthetic rate (A)
Saline
Control

Cyclone
Faisal canola
Bulbul-98
Dunkeld
Shiralee
Rainbow
Ac-Excel
DGL
Punjab canola
Legend
Oscar
CON-II
CON-III

(0 mM NaCl)

(150 mM NaCl)

16.37  0.62 c

8.88  0.37 de

x

y

17.53  1.171abc

11.44  0.91 abc

x

y

17.20  0.88 bc

10.12  0.38 bcde

x

y

17.46  0.82 abc

12.98  0.70 a

x

y

17.58  2.23 abc

11.69  1.17 abc

x

y

15.98  0.75 c

11.51  1.25 abc

x

y

19.75  0.36 a

8.47  0.09 de

x

y

17.55  1.67 abc

11.95  0.88 ab

x

y

17.76  1.63 abc

12.26  1.01 ab

x

y

17.04  2.60 bc

10.25  0.56 bcde

x

y

19.2  1.45 ab

8.35  0.74 e

x

y

17.55  0.54 abc

9.55  0.37 cde

x

y

18.03  1.19 abc

10.78  1.00 abcd

x

y

Transpiration rate (E)
Control
Saline
(0 mM NaCl)

(150 mM NaCl)

5.11  0.70

3.85  0.37

4.83  0.37

2.03  0.17

4.83  0.53

2.68  0.25

4.75  0.48

2.50  0.29

5.03  0.58

3.01 0.33

4.92  0.73

2.29  0.19

5.26  0.47

3.12  0.60

4.35  0.29

2.90  0.22

4.98  0.64

3.22  0.30

4.76  0.80

2.99  0.38

5.06  0.45

2.31  0.40

4.86  0.52

3.07  0.39

5.24  0.84

2.84  0.47

LSD = 2.36
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5% (salinity
 cultivars); Means  S.E
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Table 4.27: Mean values for sub-stomatal CO2 (Ci) and ambient CO2 (Can) of thirteen (13)
canola (Brassica napus L.) cultivars differing in salinity tolerance when subjected to 0 and 150
mM NaCl salinity.
Sub stomatal CO2 (Ci)
Saline
Control

Ambient CO2 (Can)
Control
Saline

(0 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(150 mM NaCl)

Cyclone

307.5  8.91

206.7  10.25

322.5  3.13 cdef
x

325.8  10.02 bcd
x

Faisal canola

322.5  6.70

216.5  16.77

317.5  2.56 def
y

342.2  6.39 ab
x

Bulbul-98

312.5  16.37

218.5  18.99

317.2  6.59 def
y

339.6  21.02 abc
x

Dunkeld

306.5  2.67

215.4  2.52

344.9  11.97 ab
x

330.8  12.48 abc
x

Shiralee

304  13.55

191.8  9.72

326.3  12.02 bcde
x

325.4  18.55 bcd
x

Rainbow

293.2  10.59

206.0  22.43

357.2  3.30 a
x

332.05  7.50 abc
y

Ac-Excel

299.5  14.70

211.0  7.26

319.2  1.43 def
x

327.1  9.53 bcd
x

DGL

310.2  17.97

223.1  9.04

339.9  7.49 abc
x

309.2  17.82de
y

Punjab canola

307.7  10.44

205.2  15.65

336.7  5.00 bcd
x

295.3  7.69 e
y

Legend

318.5  17.05

204.2  12.46

334.5  7.87 bcd
x

320.1  10.42 cd
x

Oscar

320.2  7.40

207.5  14.91

311.8  8.44 ef
x

321.2  2.39 cd
x

CON-II

297.1  22.19

220.7  14.04

308.6  12.07 ef
y

349.0  3.62 a
x

CON-III

309.5  12.43

203.5  14.99

305.4  5.06 f
x

337.9  7.26 abc
y

Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5%
(salinity  cultivars); Means  S.E
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Table 4.28: Mean values for water use efficiency (WUE) and relative water contents (RWC)
thirteen (13) canola (Brassica napus L.) cultivars differing in salinity tolerance when subjected to
0 and 150 mM NaCl salinity.
Water use efficiency (WUE)
Saline
Control

Relative water contents (RWC)
Control
Saline

(0 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(150 mM NaCl)

Cyclone

3.82  0.64 b
x

2.36  0.49 f
y

88.34  3.63

79.17  1.25

Faisal canola

3.00  0.18 b
y

5.83  0.82 a
x

86.00  4.53

75.12  4.19

Bulbul-98

3.08  0.05 b
x

3.88  0.45 de
x

92.59  3.05

75.68  3.59

Dunkeld

5.53  1.03 a
x

5.16  0.62 ab
x

91.62  3.09

80.50  2.80

Shiralee

3.56  0.10 b
x

3.84  0.81 de
x

85.47  3.38

79.86  1.09

Rainbow

4.03  0.66 b
x

5.12  0.46 abc
x

87.43  3.91

84.56  3.23

Ac-Excel

3.12  0.39 b
x

2.89  0.34 ef
x

84.54  1.64

78.65  2.81

DGL

3.86  0.55 b
x

4.31  0.54 bcd
x

88.01  2.07

81.04  3.27

Punjab canola

3.99  0.49 b
x

3.21  0.70 def
x

86.75  7.60

76.90  1.20

Legend

3.84  1.00 b
x

3.58  0.58 def
x

90.59  3.21

75.86  3.89

Oscar

3.12  0.23 b
x

3.92  0.79 cde
x

85.44  2.83

79.85  4.02

CON-II

4.08  0.92 b
x

2.76  0.67 ef
y

83.86  3.52

64.64  1.98

CON-III

3.64  0.62 b
x

4.35  0.51 bcd
x

89.39  3.66

78.29  1.28

LSD = 1.23
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5%
(salinity  cultivars); Means  S.E
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Table 4.29. Mean squares from analysis of variance (ANOVA) of data for relative water contents (RWC) of 13 canola cultivars grown
under varying levels of salinity.
df

SS

MS

F

P

Salinity

1

1947.6

1947.6

85.16

.0000***

Lines

12

649.1

54.09

2.365

.0163 *

Interaction
Salinity x lines

12

412.2

34.35

1.502

.1535 ns

Error

52

1189.1

22.86

Total

77

4198.2

Ns = Non-significant; *, **, *** significant at 0.05, 0.01 and 0.001 Probability
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Fig 4.15: Gas exchange characteristics of thirteen canola (Brassica napus L.)
cultivars differing in salinity tolerance when three weeks old plants were subjected to
0 and150 mM NaCl salinity.
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Fig 4.16: Relative water contents (RWC) and water use efficiency (WUE) of thirteen
canola (Brassica napus L.) cultivars differing in salinity tolerance when three weeks
old plants were subjected to 0 and150 mM NaCl salinity.
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Rooting medium salinity significantly reduced all gas exchange characteristics
(net CO2 assimilation rate A, Transpiration rate E and sub-stomatal CO2) of 13 canola
cultivars (Table 4.25). However, lines did not differ significantly in these gas
exchange parameters. Whereas, salt stress had no significant effect on ambient CO2
(Can) and water use efficiency (WUE) however canola line differed significantly in
these attributes (Table 4.26). Imposition of salt stress significantly reduced relative
water contents and lines also differed significantly (Table 4.29; Fig 4.16).

Chlorophyll Fluorescence
Fast chlorophyll a fluorescence kinetic analysis of the 13 canola cultivars was
assessed to draw the relationship between PSII activity and degree of salt tolerance in
canola cultivars. Fluorescence transient reflects the processes occurring within or
around PSII which depends on alteration in the redox state of electron acceptors. In
dark adapted plants, all the reaction centers are considered to be opened due to their
oxidized states and can be excited. An actinic light sufficient to start a photochemical
reaction can induce fast phase of fluorescence. Successive phases of chlorophyll
fluorescence induction curve are indicated by letters O, J, I and P.
Raw data from chlorophyll fluorescence transient of dark-adapted leaves
plotted on logarithmic time scale showed reduction in fluorescence at the point J, I
and P phases due to salt stress in all 13 canola cultivars (Fig 4.17, 4.18). Although salt
stress decreased the fluorescence at all steps of the transient curve, significantly
altered the OJIP curve but the major decline in fluorescence occurred in J-I and I-P
regions (Fig 4.17, 4.18). However, maximum reduction in fluorescence was found at I
and P phases. Canola cultivars differed significantly in decreasing chlorophyll
fluorescence. Moreover, minimum reduction due to salt stress was found in cultivars
Dunkeld, Rainbow, DGL, Punjab Canola and CON-III (Fig 4.17, 4.18). Canola
cultivars did not differ significantly at the level of O-J phase which is said to be
photochemical phase of the curve. For further analysis, all the curves were normalized
with Fo and Fm and then further normalized with both factors i.e., Fo and Fm.
Fluorescence induction curves normalized with Fo revealed that there is
general decline in Fm of all canola cultivars due to salt stress (Fig 4.19, 4.20).
However, this decrease in fluorescence level at J-I phase was minimal in Dunkeld,
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Fig 4.17: Normalized OJIP curves of seven cultivars of canola (Brassica napus L.) when three
week old canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl
salinity.
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Fig 4.18: Normalized OJIP curves of six cultivars of canola (Brassica napus L.) when three
week old canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl
salinity.
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Fig 4.19: Fo-Normalized OJIP curves of seven canola (Brassica napus ) cultivars when three
week old canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl
salinity.
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Fig 4.20: Fo-Normalized OJIP curves of six canola (Brassica napus L.) cultivars when three
week old canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl
salinity.
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Rainbow, Ac-Excel, DGL, Punjab Canola and CON-II (Fig 4.19, 4.20). Cultivars also
differed in fluorescence level at I-P phase except DGL where it diminished in stressed
and non-stressed plants. Transients normalized with Fm showed no clear difference at
any stage of the transient curve, however, an increase in O-J and J-I phases was
noticed in Cyclone, Bulbul-98 and Legend (Fig 4.19; Fig 4.20). Data from chlorophyll
fluorescence OJIP curves after normalizing with Fm and Fo (Double normalized)
revealed that salt stress induced a little change in OJIP curves at J-I and I-P phases in
few cultivars (Fig 4.21; Fig 4.22). Maximum increase in fluorescence in stressed
plants was observed at J-I phase in Legend, Cyclone, Ac-Excel and Shiralee.
Chlorophyll a fluorescence kinetics kinetic differences under control and
saline conditions were obtained by double normalizing between O & K, O & J, O & I
and I & P steps. The difference kinetics ∆Vok denoted by L-band at 150 µs revealed
that a positive L-band appeared in Rainbow followed by Legend, Oscar, Faisal
Canola, Bulbul-98 and CON-III whereas negative L-band appeared in Ac-Excel,
CON-II and Shiralee (Fig 4.35). However, no L-band appeared in rest of the cultivars
i.e., cvs Cyclone, Dunkeld, DGL and Punjab Canola. In difference kinetics ∆VOJ
represented by K-band at 300 µs, we observed positive K-band in Legend followed by
Rainbow and with weak positive K-band in Oscar and Punjab Canola whereas
negative K-band in Faisal Canola followed by Dunkeld, Ac-Excel, CON-II, Bulbul-98
and DGL (Fig 4.35). However, Cyclone and CON-III showed an intermediate type of
response. Furthermore, amplitude of positive K-band was maximal in cultivar Legend
while maximal negative amplitude in Faisal canola.
As from kinetics difference between O & I denoted by ∆VOI, a positive
deviation was observed in cultivar Legend followed by Cyclone, Ac-Excel and
Shiralee whereas in Oscar, CON-III, Rainbow, Punjab Canola, DGL and Dunkeld the
deviation was negative (Fig 4.35).

However, positive maximal amplitude was

appeared in Legend while negative maximal amplitude in Oscar and CON-III. The
data plot of ∆VOI (>1) showed a significant reduction in fluorescence in all canola
cultivars however, this reduction was minimal in Faisal Canola and Punjab Canola
(Fig 4.33; Fig 4.34). The changes in fluorescence amplitude of IP phase assessed as
∆VIP showed that fluorescence amplitude of all the canola cultivars was significantly
reduced due to salt stress (Fig 4.29; Fig 4.30). However, maximum increase in
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Fig 4.21: Fm-Normalized OJIP curves of seven cultivars of canola (Brassica napus L.) when
three week old canola plants differing in salinity tolerance were subjected to 0 and 150 mM
NaCl salinity.
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Fig 4.22: Fm-Normalized OJIP curves of six cultivars of canola (Brassica napus L.) when three
week old canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl
salinity.
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Fig 4.23: VOJ curves of seven cultivars of canola (Brassica napus L.) when three week old
canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.24: VOJ curves of six cultivars of canola (Brassica napus L.) when three week old canola
plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.25: VOk curves of seven cutivars of canola (Brassica napus L.) when three week old
canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.26: VOk curves of six canola (Brassica napus L.) cultivars when three week old canola
plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.27: VOP curves of seven cultivars of canola (Brassica napus L.) when three week old
canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.28: VOP curves of six cultivars of canola (Brassica napus L.) when three week old canola
plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.29: VIP curves of seven cultivars of canola (Brassica napus L.) when three week old
canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.30: VIP curves of six cultivars of canola (Brassica napus L.) when three week old canola
plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.31: VOI curves of seven cultivars of canola (Brassica napus L.) when three week old
canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.32: VOI curves of six cultivars of canola (Brassica napus L.) when three week old canola
plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.33: VOI(>1) curves of seven cultivars of canola (Brassica napus L.) when three week old
canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.34: VOI(>1) curves of six cultivars of canola (Brassica napus L.) when three week old
canola plants differing in salinity tolerance were subjected to 0 and 150 mM NaCl salinity.
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Fig 4.35: Kinetic differences of OJIP chlorophyll a fluorescence transient double normalized
between Fo and Fm, and F 300 µs, Fo and Fj, Fo and FI showing OP, L band, K band and OI of
thirteen canola cultivars when subjected to 0 and 150 mM NaCl salinity.
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Fig 4.36: Radar plot of various OJIP-test derived parameters of thirteen canola (Brassica napus

L.) cultivars subjected to 0 and 150 mM NaCl salinity.
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fluorescence amplitude was found in Bulbul-98 followed by Ac-Excel while
minimum in Dunkeld and DGL.
Salt stress decreased chlorophyll fluorescence values at all the steps (Fo, Fj,
Fi, Fm) of OJIP in all 13 canola cultivars. Result showed significant increase of Fo
values in cv. Legend and decrease in cv. Faisal canola (Fig 4.37). Moreover, highest
values of Fj values were found in Legend, DGL and CON-III and lowest in Faisal
canola. Highest Fi values were observed in cv. DGL and CON-III and lowest in cv.
Faisal canola. Values for Fm were higher in Punjab canola and CON-III and lowest in
Faisal canola. Variable fluorescence (Fv) significantly reduced in all canola cultivars
however; reduction in variable fluorescence emission was clearer in Cyclone followed
by Faisal Canola and minimum reduction in cvs. Punjab Canola, DGL and CON-III
(Fig 4.37). Rooting medium salinity significantly increased relative variable
fluorescence (Vj & Vi) at points J and I of the transient however this effect was
obvious at I level of the OJIP curves (Fig 4.39). Moreover, Maximum rise in VJ was
shown in cvs. Cyclone, Ac-Excel and Legend whereas maximum rise in VI in CON-II
and minimum in cvs. Faisal Canola and Punjab Canola (Fig 4.39).
Salt regime significantly affected the ratios of initial, maximal and variable
chlorophyll fluorescence (Fm/Fo, Fv/Fo and Fo/Fm). Data from these variables
showed overall reduction in all cultivars under salt stress (Fig 4.38). However, higher
reduction in all three variables was observed in cv. Legend and lower reduction in cv.
DGL. Salt stress increased the accumulation of reduced/closed reaction centers (Mo)
however this effect seemed to be more pronounced in Cyclone and Legend (Fig 4.38).
In contrast, cv. Faisal canola values for this variable decreased under salt stress when
compared to control plants.
Area over OJIP curve representing the pool size of electron acceptors on
acceptor side of PS-II decreased due to imposition salt stress in all canola cultivars
except CON-III where an increase in Area over OJIP between Fo and Fm was
observed (Fig 4.39). Moreover, fix Area reduced in all the canola cultivars under salt
stress (Fig 4.39). Canola cultivars significantly differed in the case of single turn over
values and overall increase in single turnover values was noticed in almost all
cultivars under saline conditions except in cv. Legend followed by cv. Rainbow where
reduction in single turnover rate was calculated in saline conditions (Fig 4.39).
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Salt stress caused an increase in multiple turn over Sm values in all cultivars
(Fig 4.38). There was observed a significantly different effect of salt stress on number
of QA redox turnover (N) in 13 canola cultivars (Fig 4.40). Number of QA redox
turnover values markedly increased in Cyclone and CON-III. However, other canola
cultivars had similar N values under saline and non-saline conditions (Fig 4.40).
Absorption energy flux per reaction center ABS/RC and trapping energy flux per
reaction center TRo/RC represent the functionality of PS-II. Salt stress had no
significant effect on absorption energy flux per reaction center ABS/RC and all the
canola cultivars had almost similar values under control and saline conditions except
cv. Legend where we observed significant increase under salt stress (Fig 4.41).
However, cultivars significantly differed in trapping energy flux per reaction center
TRo/RC under saline and non-saline conditions. The trapping flux per reaction center
increased significantly in Legend, whereas it reduced in all remaining cultivars (Fig
4.41). Similarly, electron transport flux per active reaction centers ETo/RC remained
same relatively in all canola cultivars except Ac-Excel where lower values of ETo/RC
were found in salt stressed plants (4.41).
Rooting medium salinity significantly increased total energy dissipation per
reaction center DIo/RC in three canola cultivars namely Cyclone, Ac-Excel and
Legend (Fig 4.41). Less increase in DIo/RC was observed in Bulbul-98, Shiralee and
Rainbow, whereas rest of the cultivars remained unchanged due to salt stress.
Furthermore, salt stress caused a significant decline in electron flux transferred that
lead to reduction of terminal acceptor of PS-I (REo/RC) in all cultivars of canola (Fig
4.47); however, this reduction was minimized in Punjab Canola. Salt stress imposed a
significant reduction in φPo (maximum quantum yield of primary photochemical
reaction center) indicating less energy trapping of absorbed photons (Fig 4.40). The
reduction in φPo was maximal in Cyclone, Ac-Excel and Legend (Fig 4.40). The
quantum efficiency of electron transfer from QA to other electron acceptors (φEo) was
reduced due to salt damage in all canola cultivars particularly in Cyclone followed by
Ac-Excel and Legend (Fig 4.40).
Cultivars Cyclone, Ac-Excel and Legend had maximum quantum efficiency of
energy dissipation (φDo) in saline conditions while this bio-physical attribute remained
unchanged in all other canola cultivars (Fig 4.40). Similarly, average quantum yield
of primary photochemical reaction φPav affected significantly under salt stress (Fig
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4.41). Under saline conditions average quantum yield of primary photochemical
reaction increased in Cyclone, Bulbul-98, Dunkeld, Shiralee and CON-III. However,
it decreased in Ac-Excel, DGL, Punjab Canola, Legend and Oscar due to salt stress.
The probability of the electron transfer beyond reduced QA (ᴪo) remained unchanged
in all canola cultivars under both control and saline conditions (Fig 4.45).
Phenomenological fluxes represent the connectivity of antenna with reaction
centers of PS-II. Energy absorption per unit cross section (ABS/CSo) and trapping
energy per unit cross section (TRo/CSo) decreased in all canola cultivars except
Rainbow and Legend where it relatively increased under saline conditions (Fig 4.42).
Thermal dissipation of energy in PS-II per unit section (DIo/CSo) increased in all salt
stressed plants of all canola cultivars; however, Cyclone, Rainbow and Legend had
maximal thermal dissipation of energy (Fig 4.42). Electron flux through PS-II per unit
cross section denoted as ETo/CSo reduced due to salt stress in all cultivars. Salt stress
significantly reduced the performance index (PIABS) which is indicator of functional
activity of PS-II in all the canola cultivars (Fig 4.44). However, this reduction was
more pronounced in Cyclone, Ac-Excel and Legend. Same was true for performance
index representing PS-II functional activity per unit cross section of illuminated area
(PICS) (Fig 4.45). Driving forces in PS-II with respect to absorption (DFABS) and
driving forces in PS-II with respect to per unit cross section (DFCS) both significantly
reduced due to salinity (Fig 4.46). Similarly, salt stress caused a significant reduction
in probability with which electron present in intersystem is able to reduce terminal
electron acceptor on the acceptor side of PS-I (δRo) and φRo which is shows the
quantum yield for the reduction of terminal electron acceptor on the acceptor side of
PS-I (Fig 4.47).
From OJIP analysis, the main information obtained is about PSII structural
stability. However, pulse amplitude fluorescence technique provides the actual
working efficiency of PSII. Dual pulse amplitude fluorescence meter (DUAL-PAM100) from Walz, Germany has unique features and of advanced type. It provides
simultaneous information about both photosystems PSII and PSI. From this, one can
take the idea what is happening inside at the thylakoidal membrane. At which site,
excitation pressure is greater and how different cultivars or species manage that
excessive excitation. This could be one of the reasons of genotypic differences for salt
tolerance in canola cultivars. Of various basic chlorophyll fluorescence attributes (Fo,
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Fo`, Fm, Fm`, Fs) derived from induction curves, only maximum fluorescence (Fm)
and steady state fluorescence (Fs) were significantly affected due to salt stress in all
canola cultivars (Table 4.30). Canola cultivars differed significantly in all these
chlorophyll fluorescence attributes except that of Fo (Table 4.30). Cultivar Dunkeld,
Oscar and Bulbul-98 were lower in Fm values than the other canola cultivars.
Likewise, Fm` values were greater in cultivars Shiralee, Rainbow, DGL and CON-III
(Table 4.31; Fig 4.48). Moreover, responses of canola cultivars in terms of these basic
chlorophyll fluorescence attributes to salt stress were significant only in Fm` and Fs
(Table 4.30). Salt stress increased Fm` values only in cultivars Faisal Canola, Punjab
Canola, and Rainbow. However, salt stress increased steady state chlorophyll
fluorescence (Fs) in cultivars CON-III, Faisal Canola, Oscar, Legend, and Punjab
Canola (Table 4.31; Fig 4.48).
Salt stress did not change the maximum quantum yield of PS-II of all canola
cultivars. Cultivar Ac-Excel had maximal value of Fv/Fm under saline conditions,
whereas the minimal value of this attribute was observed in Oscar (Table 4.32; Fig
4.49). Actual photochemical yield of PS-II (Phi PS-II) decreased in most of canola
cultivars due to salt stress, except those of Bulbul-98, Faisal Canola, Oscar, Punjab
Canola and Shiralee. Responses of canola cultivars to salt stress in this attribute were
also significant. Among all canola cultivars, actual photochemical yield of PS-II was
the highest in salt stressed plants of cultivar Shiralee, whereas the lowest values of
this attribute were observed in Cyclone, Oscar, Legend, and CON-III (Table 4.33; Fig
4.49).
Coefficient of photochemistry (qP) due to extent of open PS-II reaction
centers were also decreased due to salt stress in majority of canola cultivars except
those in plants of Bulbul-98, Faisal Canola, Punjab Canola, and Shiralee. Canola lines
also differed significantly under both normal and salt stress conditions (Table 4.34;
Fig 4.50). Maximum coefficient of photochemistry (qP) was found in the leaves of
salt stressed plants of cultivar Shiralee, whereas the lowest qP was found in the plants
of cultivar Oscar followed by Cyclone, Legend, CON-III and CON-II (Table 4.34; Fig
4.50). Similar greater photochemistry (qL) measured following lake model in salt
stressed plants of cultivar Shiralee was observed. However, the lowest photochemistry
found in salt stressed plants of cultivar Oscar and Legend (Table 4.34). Although salt
stress did not affect ETR-II responses of canola cultivars to salt stress in terms of
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Table 4.30. Mean squares from analysis of variance (ANOVA) of data for Fo, Fo`, Fm, Fm`, Fs of 13 canola cultivars grown under varying levels
of salinity.

df

Fo

Fo`

Fm

Fm`

Fs

Salinity

1

0.0026ns

0.004ns

0.606*

0.02ns

1.86***

Cultivars

12

0.007ns

0.009**

0.263*

0.28**

0.10**

Interaction
Salinity x Cultivars

12

0.002ns

0.003ns

0.115ns

0.30**

0.08*

Error

104

0.003

0.004

0.134

0.11

0.04

**, ***significance at 0.01 and 0.001 level respectively ns=Non-significant

130

Table 4.31: Mean values for Fm` and Fs derived from DUAL-PALM of thirteen (13)
canola (Brassica napus L.) cultivars differing in salinity tolerance when subjected to 0 and
150 mM NaCl salinity.
Fm`

Fs

Control

Saline

Control

Saline

(0 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(150 mM NaCl)

Ac-Excel

1.65  0.06 cd
x

1.64  0.08 bc
x

1.08  0.04 b
x

1.22  0.12 d
x

Bulbul-98

1.63  0.11 cd
x

1.69  0.02 bc
x

1.10  0.03 b
x

1.23  0.04 d
x

CON-II

1.71  0.07 cd
x

1.71  0.08 abc
x

1.18  0.08 ab
x

1.38  0.07 bcd
x

CON-III

2.19  0.24 ab
x

1.88  0.09 abc
x

1.25  0.10 ab
x

1.54  0.09 b
y

Cyclone

2.01  0.17 abc
x

1.65  0.03 bc
x

1.16  0.10 ab
x

1.35  0.03 bcd
x

D.G.L

2.20  0.37 ab
x

1.84  0.09 abc
x

1.14  0.03 ab
x

1.38  0.06 bcd
x

Dunkeld

1.89  0.09 bcd
x

1.60  0.06 c
x

1.06  0.04 b
x

1.28  0.07 cd
x

Faisal canola

1.59  0.07 cd
x

2.04  0.22 ab
y

1.20  0.05 b
y

1.57  0.23 ab
x

Legend

1.66  0.06 cd
x

1.83  0.09 abc
x

1.19  0.03 ab
y

1.49  0.08 bc
x

Oscar

1.56  0.09 d
x

1.87  0.38 abc
x

1.21  0.09 ab
y

1.82  0.21 a
x

Punjab canola

1.48  0.04 d
x

2.11  0.21 a
y

1.10  0.05 ab
y

1.59  0.18 ab
x

Rainbow

2.33  0.27 a
x

1.77  0.10 abc
y

1.37  0.09 a
x

1.27  0.13 cd
x

Shiralee

2.22  0.21 ab
x

2.12  0.08 a
x

1.24  0.08 ab
x

1.27  0.06 cd
x

LSD = 0.415
LSD = 0.250
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD
5% (salinity  cultivars); Means  S.E
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these PS-II characteristics were significantly different. Under saline condition, highest
electron transport rate through PS-II was found in the leaves of cultivar Legend
followed by Oscar, whereas the lowest electron transport rate was found in cultivars
DGL, Ac-Excel and Rainbow (Table 4.32; Table 4.35).
Salt stress increased the non-photochemical quenching in the cultivars
Dunkeld and Rainbow whereas it decreased in cultivars Ac-Excel, Faisal Canola,
Oscar and Punjab Canola (Table 4.36). In addition, NPQ remained unaffected in
remaining 7 canola cultivars. Similarly, co-efficient of non-photochemical quenching
(qN) increased in cultivars DGL and Rainbow under saline conditions, whereas qN
reduced in Faisal Canola, Punjab Canola and Oscar (Table 4.36; Table 4.37; Fig
4.50).
Maximum oxidized reaction center of PSI (Pm) increased significantly in all
canola cultivars due to imposition of salinity stress (Table 4.39). Maximum increase
in maximum oxidized reaction center of PSI were found in salt stressed plants of
cultivar Ac-Excel followed by Rainbow and Oscar (Table 4.40; Fig 4.51). Addition of
NaCl to the growth medium caused a significant increase in proportion of reduced
reaction center of PSI in cultivars Faisal Canola, Legend, Oscar and Punjab Canola.
Canola cultivars also differed under both normal and saline conditions (Table 4.39).
Maximum proportion reduced PSI reaction centers were observed in salt stressed
plants of cultivar Legend, whereas the reverse was true for cultivar Ac-Excel (Table
4.40; Fig 4.51).
Quantum yield of PSI and acceptor end limitation of PSI of canola cultivars
was significantly affected due to salt stress. Salt stress did not affect the donor end
limitation of PSI (Table 4.42). Canola cultivars differed significantly. Responses of
canola cultivars to salt stress in these three attributes were also significant. Maximum
quantum yield of PSI was found in salt stressed plants of canola was found in
cultivars in Bulbul-98, Rainbow and Shiralee (Table 4.42; 4.44). Reduction quantum
yield of PSI was possibly due to limitations or inhibition at donor end or acceptor end.
Salt stress increased the donor end limitation in cultivar DGL only, whereas it
decreased donor end limitation in PSI (YND) in cultivars CON-II and Faisal canola
(Table 4.36 Table 4.38; Fig 4.50). Salt stress increased the acceptor end limitation in
cultivars CON-II, CON-III, Faisal Canola, Punjab Canola, Legend and Oscar.
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Table 4.32. Mean squares from analysis of variance (ANOVA) of data for Qy, Y(II), qP, qL of 13 canola cultivars grown under varying levels of
salinity.
ETR (PS-II)
df

Qy

Y(II)

qP

qL

Salinity

1

0.002***

0.42***

1.039***

0.571***

3009.96ns

Cultivars

12

7.66***

0.033***

0.069***

0.0324*

258098.2***

Interaction
Salinity x Cultivars

12

9.82***

0.018***

0.029***

0.0105*

25122.8***

Error

104

2.40

0.004

0.008

0.005

2087.12

**, ***significance at 0.01 and 0.001 level respectively ns=Non-significant
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Table 4.33: Mean values for Qy and Y(II) derived from DUAL-PALM of thirteen (13) canola
(Brassica napus L.) cultivars differing in salinity tolerance when subjected to 0 and 150 mM NaCl
salinity.
Qy

Y(II)

Control

Saline

Control

Saline

(0 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(150 mM NaCl)

Ac-Excel

0.821  0.003 a
x

0.888  0.025 a
x

0.339  0.038 bc
x

0.255  0.044 bcd
y

Bulbul-98

0.822  0.002 a
x

0.834  0.005 a
x

0.318  0.041 cd
x

0.273  0.025 bc
x

CON-II

0.822  0.004 a
x

0.831  0.004 a
x

0.312  0.026 cd
x

0.194  0.010 cd
y

CON-III

0.821  0.004 a
x

0.824  0.012 a
x

0.417  0.039 ab
x

0.183  0.019 d
y

Cyclon

0.824  0.002 a
x

0.823  0.006 a
x

0.416  0.023 ab
x

0.182  0.014 d
y

D.G.L

0.826  0.007 a
x

0.833  0.002 a
x

0.435  0.081 a
x

0.245  0.023 bcd
y

Dunkeld

0.818  0.002 a
x

0.822  0.004 a
x

0.431  0.035 a
x

0.197  0.028 cd
y

Faisal canola

0.819  0.004 a
x

0.829  0.005 a
x

0.248  0.024 de
x

0.239  0.039 bcd
x

Legend

0.822  0.003 a
x

0.830  0.005 a
x

0.281  0.012 cde
x

0.187  0.020 d
y

Oscar

0.823  0.004 a
x

0.818  0.004 a
x

0.224  0.022 e
x

0.179  0.009 d
x

Punjab canola

0.833  0.015 a
x

0.818  0.003 a
x

0.253  0.016 de
x

0.251  0.016 bcd
x

Rainbow

0.822  0.004 a
x

0.831  0.003 a
x

0.440  0.065 a
x

0.285  0.032 b
y

Shiralee

0.813  0.004 a
x

0.830  0.006 a
x

0.437  0.016 a
x

0.398  0.030 a
x

LSD = 1.94

LSD = 0.079

Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD
5% (salinity  cultivars); Means  S.E
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Table 4.34: Mean values for qP and qL derived from DUAL-PALM of thirteen (13) canola
(Brassica napus L.) cultivars differing in salinity tolerance when subjected to 0 and 150 mM NaCl
salinity.
qP

qL

Control

Saline

Control

Saline

(0 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(150 mM NaCl)

Ac-Excel

0.568  0.052 abc
x

0.433  0.079 bc
y

0.355  0.047 abc
x

0.249  0.061 b
y

Bulbul-98

0.519  0.047 bcd
x

0.435  0.038 bc
x

0.301  0.030 bcd
x

0.225  0.028 bc
x

CON-II

0.514  0.042 cd
x

0.317  0.015 de
y

0.297  0.034 cd
x

0.153  0.010 cd
y

CON-III

0.629  0.037 ab
x

0.295  0.031 de
y

0.367  0.031 abc
x

0.137 0.017 cd
y

Cyclone

0.644  0.028 a
x

0.299  0.023 de
y

0.299  0.023 cd
x

0.143  0.014 cd
y

D.G.L

0.639  0.087 a
x

0.388  0.035 bcd
y

0.389  0.062 ab
x

0.191  0.024 bcd
y

Dunkeld

0.661  0.037 a
x

0.325  0.047 cde
y

0.409  0.028 a
x

0.163  0.029 bcd
y

Faisal canola

0.412  0.042 de
x

0.367  0.070 bcd
x

0.236  0.024 de
x

0.176  0.055 bcd
x

Legend

0.462  0.016 cde
x

0.295  0.030 de
y

0.313  0.070 bcd
x

0.133  0.017 d
y

Oscar

0.377  0.039 e
x

0.239  0.049 e
y

0.200  0.028 e
x

0.110  0.021 d
y

Punjab canola

0.437  0.026 de
x

0.385  0.033 bcd
x

0.247  0.018 de
x

0.184  0.029 bcd
x

Rainbow

0.634  0.068 a
x

0.459  0.060 b
y

0.361  0.042 abc
x

0.251  0.050 b
y

Shiralee

0.667  0.011 a
x

0.602  0.044 a
x

0.409  0.016 a
x

0.345  0.044 a
x

LSD = 0.112

LSD = 0.88

Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD
5% (salinity  cultivars); Means  S.E
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Table 4.35: Mean values for ETR-II of derived from DUAL-PALM thirteen (13) canola (Brassica
napus L.) cultivars differing in salinity tolerance when subjected to 0 and 150 mM NaCl salinity.
ETR-II
Control

Saline

(0 mM NaCl)

(150 mM NaCl)

Ac-Excel

73.31  8.24 g
x

55.25  9.57 g
x

Bulbul-98

234.96  10.23 d
x

265.59  26.29 d
x

CON-II

357.56  14.11 c
x

355.01  17.73 c
x

CON-III

144.76  2.32 ef
x

142.94  3.89 ef
x

Cyclone

122.86  11.25 efg
x

93.52  17.17 fg
x

D.G.L

76.80  10.18 g
x

53.91  13.19 g
x

Dunkeld

165.67  4.36 e
x

161.78  4.96 e
x

Faisal canola

465.17  40.21 a
x

274.75  70.14 d
y

Legend

415.32  29.40 ab
y

625.92  29.97 a
x

Oscar

371.90  22.01 bc
y

565.92  43.20 b
x

Punjab canola

115.94  10.99 efg
x

93.87  3.07 fg
x

Rainbow

93.87  7.14 fg
x

74.43  12.18 g
x

Shiralee

100.05  10.99 fg
x

100.39  15.19 fg
x
LSD = 57.29

Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5%
(salinity  cultivars); Means  S.E
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Fig 4.49: Chlorophyll fluorescence parameters (Fv/Fm,Y(II), qP, qL) derived from induction curve in
the leaves of canola cultivars grown under normal or salt stressed conditions measured using DUALPAM-100.

139

Table 4.36: Mean squares from analysis of variance (ANOVA) of data for NPQ, qN, Y(ND) of 13 canola cultivars differing in salt tolerance when
subjected to varying levels of salinity.
df

NPQ

qN

Y(ND)

Salinity

1

0.054ns

0.001ns

0.008ns

Cultivars

12

0.285ns

0.011*

0.388***

Interaction
Salinity x Cultivars

12

0.975***

0.024***

0.033***

Error

104

0.204

0.006

0.010

**, ***significance at 0.01 and 0.001 level respectively ns=Non-significant
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Table 4.37: Mean values for NPQ and q(N) derived from DUAL-PALM of thirteen (13) canola
(Brassica napus L.) cultivars differing in salinity tolerance when subjected to 0 and 150 mM NaCl
salinity.
NPQ

qN

Control

Saline

Control

Saline

(0 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(150 mM NaCl)

Ac-Excel

2.15  0.18 a
x

1.27  0.32 d
y

0.76  0.02 ab
x

0.74  0.02 ab
x

Bulbul-98

1.98  0.24 ab
x

1.99  0.10 ab
x

0.74  0.03 abcd
x

0.74  0.01 ab
x

CON-II

1.94  0.09 abc
x

2.13  0.22 a
x

0.74  0.01 abc
x

0.75  0.02 a
x

CON-III

1.40  0.27 cd
x

1.94  0.18 abc
x

0.64  0.05 def
x

0.74  0.02 ab
x

Cyclon

1.58  0.18 bcd
x

1.99  0.08 ab
x

0.69  0.02 bcde
x

0.75  0.01 ab
x

D.G.L

1.47  0.39 bcd
x

1.91  0.19 abc
x

0.63  0.08 ef
y

0.73  0.02 ab
x

Dunkeld

1.46  0.22 bcd
y

2.03  0.15 ab
x

0.66  0.04 cdef
x

0.75  0.01 ab
x

Faisal canola

2.23  0.14 a
x

1.51  0.23 bcd
y

0.77  0.01 ab
x

0.67  0.04 abc
y

Legend

2.00  0.15 ab

1.83  0.17 abc

0.75  0.01 abc
x

0.72  0.02 ab
x

Oscar

2.17  0.11 a
x

1.26  0.36 d
y

0.77  0.01 ab
x

0.59  0.09 c
y

Punjab canola

2.39  0.08 a
x

1.42  0.21 cd
y

0.79  0.00 a
x

0.66  0.04 bc
y

Rainbow

1.21  0.39 d
y

1.97  0.20 abc
x

0.58  0.07 f
y

0.74  0.02 ab
x

Shiralee

1.33  0.24 d
x

1.52  0.23 bcd
x

0.63  0.05 ef
x

0.67  0.03 abc
x

LSD = 0.566
LSD = 0.097
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD
5% (salinity  cultivars); Means  S.E
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Table 4.38: Mean values for Y(ND) and Red (PS-II) derived from DUAL-PALM of thirteen (13)
canola (Brassica napus L.) cultivars differing in salinity tolerance when subjected to 0 and 150 mM
NaCl salinity.
Y(ND)

Red

Control

Saline

Control

Saline

(0 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(150 mM NaCl)

0.46  0.05 cd
x

0.46  0.07 bc
x

0.53  0.05 a
x

0.43  0.01 a
x

Bulbul-98

0.51  0.03 bc
x

0.43  0.07 bc
x

0.47  0.02 a
x

0.56  0.07 a
x

CON-II

0.50  0.04 bc
x

0.34  0.06 cd
y

0.51  0.02 a
x

0.65  0.06 a
x

CON-III

0.41  0.06 cd
x

0.42  0.10 bc
x

0.58  0.06 a
x

0.56  0.09 a
x

0.43  0.03 cd
x

0.47  0.05 bc
x

0.58  0.02 a
x

0.52  0.05 a
x

0.35  0.09 d
y

0.49  0.07 b
x

0.64  0.09 a
x

0.50  0.07 a
x

0.33  0.03 d
y

0.46  0.10 bc
x

0.66  0.03 a
x

0.53  0.10 a
x

0.59  0.02 b
x

0.28  0.06 d
y

0.40  0.02 a
x

0.71  0.06 a
x

0.82  0.003 a
x

0.83  0.005 a
x

0.43  0.02 a
x

0.81  0.04 a
x

0.82  0.004 a
x

0.81  0.004 a
x

0.41  0.01 a
x

0.65  0.14 a
x

Punjab canola

0.83  0.01 a
x

0.81  0.003 a
x

0.42  0.02 a
x

0.68  0.05 a
x

Rainbow

0.82  0.004 a
x

0.83  0.003 a
x

0.63  0.07 a
x

0.63  0.07 a
x

Shiralee

0.81  0.004 a
x

0.83  0.006 a
x

0.63  0.02 a
x

0.62  0.06 a
x

Ac-Excel

Cyclone
D.G.L
Dunkeld
Faisal canola
Legend
Oscar

LSD = 0.125
LSD = 1.62
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5% (salinity 
cultivars); Means  S.E
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Fig 4.50: Chlorophyll fluorescence parameters (NPQ, qN, Y (ND)) derived from induction
curve in the leaves of canola cultivars grown under normal or salt stressed conditions
measured using DUAL-PAM-100.
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Table 4.39: Mean squares from analysis of variance (ANOVA) of data for Pm, Pm`, Red of 13 canola cultivars differing in salt tolerance when
subjected to varying levels of salinity.
df

Pm

Pm`

Red

Salinity

1

14.02***

0.010ns

0.175**

Cultivars

12

0.407***

0.377*

0.019ns

Interaction

12

0.156ns

0.499*

0.078***

104

0.11

0.239

1.67

Salinity x Cultivars

Error

**, ***significance at 0.01 and 0.001 level respectively ns=Non-significant
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Table 4.40: Mean values for Pm and Pm` derived from DUAL-PALM of thirteen (13) canola
(Brassica napus L.) cultivars differing in salinity tolerance when subjected to 0 and 150 mM NaCl
salinity.
Pm

Pm`

Control

Saline

Control

Saline

(0 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(150 mM NaCl)

1.92  0.13 c
y

2.89  0.13 ab
x

1.72  0.10 a
y

2.62  0.20 a
x

Bulbul-98

2.00  0.09 bc
x

2.08  0.10 c
x

1.84  0.10 a
x

2.27  0.29 abcd
x

CON-II

2.33  0.14 abc
Y

3.13  0.08 a
x

2.15  0.12 a
x

1.93  0.27 bcd
x

CON-III

2.30  0.13 abc
y

2.98  0.36 ab
x

2.12  0.12 a
x

1.93  0.18 bcd
x

2.11  0.17 abc
y

2.69  0.15 b
x

1.94  0.16 a
x

1.90  0.28 bcd
x

2.52  0.19 a
y

3.02  0.08 ab
x

2.23  0.18 a
x

2.51  0.31 ab
x

1.94  0.11 bc
y

2.69  0.16 b
x

1.74  0.11 a
x

2.01  0.40 abcd
x

2.31  0.19 abc
y

3.08  0.23 ab
x

2.13  0.17 a
x

1.70  0.23 de
x

2.26  0.08 abc
y

2.92  0.34 ab
x

2.09  0.08 a
x

1.26  0.22 e
y

2.04  0.13 bc
y

2.95  0.09 ab
x

1.83  0.11 a
x

1.69  0.52 de
x

Punjab canola

2.34  0.07 ab
y

2.81  0.12 ab
x

2.14  0.07 a
x

1.81  0.24 cde
x

Rainbow

2.20  0.11 abc
y

3.15  0.13 a
x

2.01  0.09 a
x

2.34  0.43 abc
x

Shiralee

2.30  0.14 abc
x

2.71  0.26 b
x

2.14  0.16 a
x

2.38  0.34 abc
x

Ac-Excel

Cyclone
D.G.L
Dunkeld
Faisal canola
Legend
Oscar

LSD = 0.415
LSD = 0.613
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5%
(salinity  cultivars); Means  S.E

145

Control

% control

160
140

3

120

2.5
Pm

Saline

100

2

% Control

3.5

80
1.5

60

1

40

0.5

20

0

0

3

160
140

2.5

Pm(')

2

100

1.5

80
60

1

% Control

120

40
20

0

0

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

200
180
160
140
120
100
80
60
40
20
0

% Control

Reduced PSI

0.5

Cultivars

Fig 4.51: Chlorophyll fluorescence parameters (Red PSI, Pm`, Pm) derived from induction curve in the
leaves of canola cultivars grown under normal or salt stressed conditions measured using DUAL-PAM100.
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Table 4.42: Mean squares from analysis of variance (ANOVA) of data for Y(I), Y(NA) of 13 canola cultivars differing in salt tolerance when
subjected to varying levels of salinity.
df

Y(I)

Y(NA)

Salinity

1

0.377***

1.37***

Cultivars

12

0.078***

0.039ns

Interaction

12

0.041***

0.04*

104

0.011

0.024

Salinity x Cultivars

Error
**, ***significance at 0.01 and 0.001 level respectively ns=Non-significant

Table 4.43: Mean squares from analysis of variance (ANOVA) of data for linear electron flow (LEF) and cyclic electron flow (CEF) of 13 canola
cultivars differing in salt tolerance when subjected to varying levels of salinity.
df

CEF

Salinity

1

0.877*

Cultivars

12

0.274ns

Interaction

12

0.324ns

104

0.219

Salinity x Cultivars

Error
**, ***significance at 0.01 and 0.001 level respectively ns=Non-significant
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Table 4.44: Mean values for Y(I) and Y(NA) derived from DUAL-PALM of thirteen (13) canola
(Brassica napus L.) cultivars differing in salinity tolerance when subjected to 0 and 150 mM NaCl
salinity.
Y(I)

Y(NA)

Control

Saline

Control

Saline

(0 mM NaCl)

(150 mM NaCl)

(0 mM NaCl)

(150 mM NaCl)

0.43  0.03 bcde
x

0.34  0.05 b
x

0.10  0.01 a
x

0.19  0.10 cde
x

Bulbul-98

0.40  0.04 de
y

0.56  0.07 a
x

0.08  0.01 a
x

0.21  0.11 cde
x

CON-II

0.41  0.03 cde
x

0.26  0.02 b
y

0.07  0.01 a
y

0.38  0.08 bc
x

CON-III

0.50  0.05 abcd
x

0.24  0.02 b
y

0.08  0.01 a
y

0.32  0.08 bcd
x

0.51  0.02 abcd
x

0.27  0.01 b
y

0.11  0.02 a
x

0.17  0.09 de
x

0.56  0.07 a
x

0.32  0.02 b
y

0.11  0.02 a
x

0.17  0.09 de
x

0.55  0.03 ab
x

0.28  0.03 b
y

0.10  0.01 a
x

0.25  0.13 bcde
x

0.32  0.02 e
x

0.29  0.05 b
x

0.07  0.003 a
y

0.42  0.11 ab
x

0.35  0.01 e
x

0.21  0.03 b
y

0.07  0.01 a
y

0.59  0.07 a
x

0.31  0.02 e
x

0.24  0.05 b
x

0.10  0.01 a
y

0.40  0.19 ab
x

0.33  0.02 e
x

0.33  0.04 b
x

0.08  0.01 a
y

0.34  0.09 bcd
x

Rainbow

0.54  0.06 abc
x

0.56  0.17 a
x

0.13  0.05 a
x

0.26  0.12 bcde
x

Shiralee

0.56  0.01 ab
x

0.49  0.03 a
x

0.07  0.01 a
x

0.13  0.06 e
x

Ac-Excel

Cyclon
D.G.L
Dunkeld
Faisal canola
Legend
Oscar

Punjab canola

LSD = 0.131
LSD = 0.194
Means with the same letters in each row (x-y) and in each column (a-b) do not differ significantly at the 5% level LSD 5%
(salinity  cultivars); Means  S.E
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Fig4.53: Chlorophyll fluorescence parameters (Y(I), Y(NA)) derived from induction curve in
the leaves of canola cultivars grown under normal or salt stressed conditions measured using
DUAL-PAM-100.

149

Control

160

100

400

80
300

60

200

% Control

120

500
LEF

% control

140

600

40

100

20

0
Cyclic electron as Y(I)/YII

Saline

0

2.5

200
180
160
140
120
100
80
60
40
20
0

2
1.5
1
0.5
0

% Control

700

Cultivars

Fig 4.54: Chlorophyll fluorescence parameters (Y(I)/YII) derived from induction curve in the
leaves of canola cultivars grown under normal or salt stressed conditions measured using
DUAL-PAM-100.
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Maximum increase in acceptor end limitation in PSI due to salt stress was found in
cultivar Legend.
Linear electron increased due to salt stress in cultivars Legend and Oscar,
whereas cyclic electron transport rate measured as ratio of quantum yield of PSII and
PSI was increased in salt stressed plants of Bulbul-98 and Rainbow (Table 4.35; Fig
4.54). Increase in cyclic electron flow in these cultivars could be one of the strategies
to regulate excitation pressure under salt stress conditions in order to avoid generation
of reactive oxygen species (ROS) in chloroplast (Table 4.43).

LC-MS/MS
Results notably revealed the differential expression pattern of protein under
saline and control conditions in 13 canola cultivars (Cyclone, Faisal Canola, Bulbul98, Dunkeld, Shiralee, Rainbow, Ac-Excel, DGL, Punjab Canola, Legend, Oscar,
CON-II, CON-III). Overall, non-overlapping records of proteins from saline and
control conditions from 13 canola cultivars have been assembled (Table 4.45).
Among the list of these proteins, various differentiation proteins were identified under
various conditions.
The distributions of these proteins were further characterized using various
computational analysis. These results showed that the induction pattern of diversity of
proteins may play vital roles in response to the effects of salinity.

SDS-PAGE and 1-D protein profiling
The protein from salinity induced and control leaves samples of Canola were
extracted by using detergents as described in method section and 1D SDS-PAGE was
used for separation of soluble proteins. As it is clear from figure 1, the protein pattern
obtained from salinity induced are different from those of control leaves samples of
canola. All main protein bands at the size different from others were detected under
salinity induced and control leaves samples were marked. In addition, all major
protein bands having same size such at about 14 kD and 20 kD marked as 1 and 2 on
lane were common and were not selected for LCMS/MS. All protein spots were cut
into small pieces from the gel following the tryptic digestion with trypsin. The
obtained peptides were further processed for LC-MS/MS analysis.
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Identifications and In silico characterizations of shared proteins
under control conditions
Among the list of these shared proteins, it has been noted that all 13 canola
cultivars (Cyclone, Faisal Canola, Bulbul-98, Dunkeld, Shiralee, Rainbow, Ac-excel,
DGL, Punjab Canola, Legend, Oscar, CON-II, CON-III) showed induction of
differential list of proteins were noted. E3 ubiquitin-protein ligase COP1 that acts, as
an integrator of photoperiod and ambient temperature signaling and PR10 is
pathogenesis related protein in Cyclone, Dunkeld and E3 ubiquitin-protein ligase
COP1 also in Legends cultivar. Further computational analysis revealed that both
proteins belong to unknown COG with Zinc Finger and START like domain
indicating the presence of these proteins in a wide variety of protein families,
including STAR-related lipid transfer proteins and homeobox-leucine zipper proteins.
ATP synthase subunit beta-1 COG COG0055 and Unknown protein having
Pectinesterase inhibitor domain proteins were identified under control conditions in
Faisal Canola cultivar. It was also exceptional that ATP synthase subunit beta-1 was
identified under various salt induced conditions such as Cyclone, Bulbul_98 and
CONIII cultivars unusual to previous conditions. It seems indispensable for the
growth of these plants. Polyamine oxidase 1 with unknown COG was identified under
control conditions in the cultivar Legends and Ubiquinol oxidase 1c with unknown
COG was identified under Bulbul_98 and CONIII cultivars. Both Polyamine oxidase
1 and Ubiquinol oxidase 1c belong to protein family Oxidase that is involved in
oxidation-reduction process (Table 4.45; Fig 4.48).
Similarly, other proteins identified under control conditions were Histonelysine N-methyltransferase only in Dunkeld having Zinc Finger family as in E3
ubiquitin-protein ligase COP1, and DNA replication licensing factor MCM5 having
protein domain MCM N-terminal domain in Shiralee and DGL controlled conditions.
Fructokinase-like 2 COG0524 and Wall-associated receptor kinase 1 COG0515 and
NAC domain-containing protein 8 in Rainbow as well as in Punjab. Mitochondrial
uncoupling protein 1 which are PUMPS for mitochondrial transporter proteins that
create proton leaks across the inner mitochondrial membrane, thus uncoupling
oxidative phosphorylation and Ubiquinol oxidase 1a were the other proteins, which
identified in Ac-Excel control conditions. Glucan endo-1,3-beta-glucosidase 13 which
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may provide a degree of protection against microbial invasion of germinated barley
grain through its ability to degrade fungal cell wall polysaccharides and
Mitochondrial outer membrane protein which mediates numerous interactions
between the mitochondrial metabolic and genetic systems and the rest of the
eukaryotic cell were identified under CONIII cultivars conditions (Table 4.45; Fig
4.48).

Identifications and In silico characterizations of proteins identified
under salinity induced condition
Based on the differential pattern of SDS PAGE profile, several differentially
proteins were identified under saline conditions in various cultivars. Rubisco
accumulation factor 2 which required for assembly or stability of RuBisCO was
identified in Cyclone cultivar. Peroxidase 73 with COG0330 which play role in
removing of H2O2, oxidation of toxic reductants, biosynthesis and degradation of
lignin, suberization, auxin catabolism, response to environmental stresses such as
wounding, pathogen attack and oxidative stress was identified in cultivars Cyclone,
Faisal Canola, Dunkeld, and Legends. It seems these cultivars respond to the saline
stress by inducing Peroxidase 73 proteins. Heat shock 70-kDa protein 3 COG0443
was only identified under D.G.L. HSP are most vital proteins which is believed the
diversification of these proteins reflects an adaptation to tolerate the heat stress as
well as other abiotic stresses. Chloroplast CuZn-SOD was only identified under Faisal
Canola cultivar. UDP-glucose pyrophosphorylase 3 UGPase represents an important
activity in carbohydrate metabolism, catalyzing a reversible production of UDPG and
pyrophosphate (PPi) from Glc-1-P and UTP and Thioredoxin H5, which involved in
response to pathogens and oxidative stresses was identified in three cultivars under
salinity treatment such as Bulbul_98, Dunkeld, and CONIII.
Flavin-containing

monooxygenase,

ATP

synthase

subunit

Thymidine kinase,
alpha,

Fructose-

bisphosphate aldolase was identified under salt induced conditions in Shiralee play
role in synthesis of nucleotide cofactors such as NAD and SAM. Rubisco activase
involves the ATP-dependent carboxylation of the epsilon-amino group of lysine
leading to a carbamate structure and Elongation factor 11A COG5256, which play
role in protein synthesis in the process of cell cycle and elongation in some cells, were
identified in D.G.L. ATP synthase subunit alpha COG0056 was identified in D.G.L.
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and Oscar cultivars. ATP–Hook motif nuclear-localized is a small DNA-binding
protein motif which was first described in the high mobility group non-histone
chromosomal protein HMG-I (Y) and Nascent polypeptide-protein which alpha
polypeptide, also known as NACA were identified in Legends cultivar. Phytochrome
B that is regulatory photoreceptor, 2-Cys peroxiredoxin BAS1-like involved in the
developing shoot and photosynthesizing leaf, and ATP synthase subunit alpha This
gene encodes a subunit of mitochondrial ATP synthase were identified in Legend
cultivar (Table 4.45; Fig 4.48).

154

Table 4.45: List of LC-MS/MS commonly identified proteins in 13 canola (Brassica napus
L.) under non-saline and saline conditions.
Cultivars

Accession
No.
P43254
Q7X9V7

Cyclone

Faisal
canola

Bulbul-98

P83483
Q9SR19
Q43873
P83483
Q9FNA2
Q43873
Q9SRZ4
Q45FP5
P83483
O22048
F4IY62
Q39241
P43254
Q7X9V7

Dunkeld

Q2LAE1
Q43873
F4IY62
Q39241
O80786

Shirallee

Q680P8
Q9FN47
Q9FWW6
Q9FRL8
F4I0K2
Q39191

Rainbow
Q6NQK2
Q9FRL8
Q39191
Ac-Excel
O81845
Q39219

Protein name

Differential
proteins
Control Saline

E3 ubiquitin-protein ligase
COP1
PR10 protein (Pinus
monticola)
ATP synthase subunit beta-1
Rubisco accumulation factor
2
Peroxidase 73
ATP synthase subunit beta-1
Polyamine oxidase 1
Peroxidase 73
Peroxiredoxin-2C
Chloroplast CuZn-SOD
ATP synthase subunit beta-1
Ubiquinol oxidase 1c
UDP-glucose
pyrophosphorylase 3
Thioredoxin H5
E3 ubiquitin-protein ligase
COP1
PR10 protein (Pinus
monticola)
Histone-lysine Nmethyltransferase
Peroxidase 73
UDP-glucose
pyrophosphorylase 3
Thioredoxin H5
DNA replication licensing
factor MCM5
40S ribosomal protein S29
Thymidine kinase
Flavin-containing
monooxygenase
ATP synthase subunit alpha
Fructokinase-like 2
Wall-associated receptor
kinase 1
NAC domain-containing
protein 8
ATP synthase subunit alpha
Wall-associated receptor
kinase 1
Mitochondrial uncoupling
protein 1
Ubiquinol oxidase 1a

Molecular
mass

Pi





76187

6.38





17791

5.3





59670

6.18





















50199

5.77

35927
59670
35927
35927
17414
834
59670
37816

9.44
6.18
5.3
9.4
5.33
5.28
6.18
6.91







99042

5.97

13122

5.19





76187

6.38





17791

5.3





193228

5.34





35927

9.44





17414

5.97





13122

5.19





81014

7.17







50199
30703

10.07
8.43





23416

6.23







27406
68980

5.79
5.14





81211

5.46





50288

4.91





23406

5.79





81211

5.46





32662

9.62





39979

8.56
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O04331
P22197
O80786
DGL

Punjab
Canola

Legend

Q680P8
O65719
P0DH99
Q42449
F4I0K2
Q6NQK2
P43254
Q9FNA2
Q9LZP9
Q43873
Q9S7C9
Q9LHG9

Oscar

CON-II

O81845
O65719
Q42449
P83483
Q9M2M3
Q9FJU9
P14713
Q9C5R8
P56757
O22048
Q9LZP9

CON-III

Q9SRH5
P83483
F4IY62
Q39241

Peroxidase 73
Fructose-bisphosphate
aldolase
DNA replication licensing
factor MCM5
40S ribosomal protein S29
Heat shock 70 kDa protein 3
Elongation factor 11A
ATP synthase subunit alpha
Fructokinase-like 2
NAC domain-containing
protein 8
E3 ubiquitin-protein ligase
COP1
Polyamine oxidase 1
Calvin cycle protein CP12-2
Peroxidase 73
ATP – Hook motif nuclearlocalized protein 27
Nascent polypeptideassociated complex subunit
alpha like protein
Mitochondrial uncoupling
protein 1
Heat shock 70 kDa protein 3
ATP synthase subunit alpha
ATP synthase subunit beta-1
Beta-1, 3-glucanase
Glucan endo-1,3-betaglucosidase 13
Phytochrome B
2-Cys peroxiredoxin BAS1like
ATP synthase subunit alpha
Ubiquinol oxidase 1c
Calvin cycle protein CP12-2
Mitochondrial outer
membrane protein porin 1
ATP synthase subunit beta-1
UDP-glucose
pyrophosphorylase 3
Thioredoxin H5





30399

6.99





38810

6.85





81014

7.17













6429
71147
49502
35927
68980

10.07
4.96
9.19
4.7
5.14





50288

4.91





50199

4.38









52866
14166
35927

5.3
4.82
9.44





31842

6.7





219882

4.3





32662

9.62











71147
35927
59670
30700

4.96
4.7
6.18





55603

7.91





129331

5.62





29779

5.55









55927
37816
14166

5.19
6.91
4.82





29425

8.77





35927

6.18





99042

5.97





13122

5.99
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Total Proteins

Cell metabolism 6%

Membrane
associated 6%

Unknown
9%

DNA replication 3%

Photosynthesis 20%
Photosynthesis
Cell metbolism
Oxidative stress
Ion Transport
Transcription factor/regultory
Signaling
Growth and development
Defense Proteins
DNA replication
Membrane associated
Unknown

Defense proteins
12%
Oxidative stress 17%
Growth &
development 6%
Signaling 3%

Transcription
factor/regulatory
15%
Ion transport 3%

Control
Unknown 17%

Photosynthesis
12%

Cell metabolism 6%

Ion transport 6%
Membrane
associated 12%

Photosynthesis
Cell metbolism
Ion Transport
Transcription factor/regultory
Growth and development
Defense Proteins
DNA replication
Membrane associated

Defense Proteins
23%

DNA Replication 6%

Saline

Transcription fator/
regulatory 12%

Growth and
development 6%

Growth and
development 6%
Signaling 6%

Transcription
factor/regulatory
18%
Photosynthesis
Cell metbolism
Oxidative stress
Transcription factor/regultory
Signaling
Growth and development

Photosynthesis 29%

Oxidative stress 35%

Cell metabolism 6%

Fig: 4.55: Percentage of LC-MS/MS commonly identified proteins in 13 canola (Brassica
napus L.) under control and saline conditions.
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Chapter 5

DISCUSSION
Canola is moderately salt tolerant; however, its productivity is greatly reduced
due to salt stress throughout the world including Pakistan (Ashraf and McNeilly, 2004;
Athar et al., 2009). Selection and breeding is one of the important strategies to develop
salt tolerant cultivars. However, availability of genetic variability for salt tolerance is
pre-requisite. Adoption of genetically uniform modern cultivars posed a major
challenge on screening and selection for salt tolerant individuals (Arzani and Ashraf,
2016; Ashraf and Foolad, 2013; Athar and Ashraf, 2009). It is realized to screen local
and worldwide germplasm collections for salt tolerance on large scale. Moreover, it is
suggested that studies on screening and selection for salt tolerance at the germination
and seedling stages should be complemented with the assessment of physiological basis
of salt tolerance (Ashraf, 1994; Kingsbury et al., 1984; Munns et al., 2006; Rasheed et
al., 2015). Ashraf (2004) proposed the use of efficient and reliable selection criteria for
selecting plants with specified characters and improved salt tolerance. Such type of
studies will lead to the development of salt tolerant canola cultivars (Ashraf et al., 2008;
Athar and Ashraf, 2009). In the present study, canola germplasm (local and exotic
cultivars) were screened for salt tolerance at the germination, seedling, and early
vegetative growth stages and then selected canola cultivars were further evaluated for
salt tolerance using various biochemical and physiological attributes particularly PS-II
photochemistry and protein profiling.
In the present study, seed germination in all canola cultivars reduced due to
increasing salinity stress in the growth medium. Adverse impact of salt stress on
seedling growth is mainly attributed to osmotic stress, intake of toxic ions, and
reduction in hydrolysis leading to inactivity of enzymes responsible for breakdown of
the seed food reserves (Ahmed and Bano, 1992; Athar and Ashraf, 2009; Filho and
Sodek, 1988). A considerable variation among the canola cultivars has been observed
in seed germination ability under salt stress. For example, based on seed germination,
four out of 26 canola cultivars were salt tolerant at moderate salinity level (100 mM)
named as PYT-Indian-Hybrid, RBN-03046, DGL and NURYT 304/19, while five
cultivars viz. RBN-03060 followed by Oscar, Ind-hyd-R26, Chakwal Sarson and SPS-
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5 were found salt sensitive. However, at the highest salinity stress, four cultivars DGL,
Punjab Canola, Faisal Canola and Dunkeld were tolerant to salt stress, whereas three
cultivars viz. PYT-Indian-Hybrid, Cyclon and RBN-03060 were salt sensitive. Higher
percentage or rate of seed germination under saline conditions in salt tolerant canola
cultivars can be related to better protection from salt-induced osmotic shock, greater
mobilization of food reserves as has been observed in maize (Ashraf and Wahid, 2000).
The first physiological disorder is lower seed imbibition in salinized solution. Such
lower imbibition of seeds with water cause a series of metabolic changes including
disturbance in enzyme activities, mobilization of food reserves, carbohydrate and
nitrogen metabolism (Bewley, 1997). Seed germination process is generally
completed in three phases which include 1) fast water uptake by the dry seed till full
hydration, 2) reactivation of metabolism with limited water uptake due changes in
hormonal balance, and 3) mobilization of food reserves, water uptake till radicle
emergence (Bewley, 1997). Of these three phases, second phase is the most important
in which biochemical processes become activated including proteolysis, starch
degradation, biosynthesis of macromolecules, cell division and elongation, and seed
germination is initiated (He et al., 2015a). Although most of the physiological and
biochemical processes regulating seed germination become negatively affected due
to salt stress, key physiological and biochemical events need to be determined.
Among canola cultivars investigated in the present study, a few cultivars
showed a consistent degree of salt tolerance with the change in level of salt stress. For
example, cv DGL remained salt tolerant at moderate and higher level of salt stress.
Similarly, cv RBN-03060 remained salt sensitive at both levels of salt stress. Similar
changes in degree of salt tolerance in cultivars of the same species with the change in
stress level was already found in different plant species such as in pea (Noreen and
Ashraf, 2009), raddish and turnip (Noreen and Ashraf, 2008), prosomillet (Sabir et al.,
2009), wheat (El-Hendawy et al., 2017).
In the present study, except few cultivars, salt tolerance in most of the canola
cultivars at the seed germination and seedling growth stages cultivars become changed.
These results can be explained in view of the arguments that a plant exhibiting salt
tolerance at germination stage may not be necessarily correlated to tolerance at any
other developmental stages (Ashraf, 1994; Ashraf, 2004; Ashraf et al., 2013; Flowers,
2004; Läuchli and Grattan, 2007; Munns and Tester, 2008). Since long, L Bernstein
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and Hayward (1958) reported that plant responses to salt stress vary with plant
developmental stages and duration of salt stress. These findings are similar to those of
Noreen and Ashraf (2008) who found similar inter-cultivar variation for salinity
tolerance at different developmental growth stages in radish cultivars based on
germination as well as seedling biomass production. In a similar study, Munir et al.
(2013) also found a marked reduction in biomass of two radish varieties at high salinity
level (120 mM NaCl) as compared to low salinity level applied. It is also suggested that
specific stages such as germination, seedling growth and vegetative and reproductive
growth should be evaluated separately (Ashraf et al., 2013).
It has been observed that salt tolerance potential or ranking of cultivars for salt
tolerance become little bit changed in repeated screening experiments with three to five
biological replicates. For example, KN252 ranked as salt tolerant in one screening
experiment out of four screening experiments. Similarly, cultivars AC-Excel, Oscar,
Westar, Bubul-98, No-0722-A1, and No-0732-A1 ranked as salt sensitive once and in
other screening experiments ranked as moderately salt tolerant. However, cultivars
DGL, Dunkeld and Faisal canola consistently ranked as salt tolerant, cultivar Legend
as moderately salt tolerant, and cyclone as salt sensitive. Such variation might have
arisen due to some environmental factors such as changes in temperature which affect
metabolism in germinating seeds such as protein, lipid and carbohydrate metabolism
(Bewley, 1997; Liu et al., 2015; Zhang et al., 2017). From all screening experiments at
the seedling stage, it is concluded that cvs. DGL, Dunkeld and Faisal canola categorized
as salt tolerant while cvs. Ac-Excel and Oscar moderate salt tolerant and cvs. Legend
followed by Cyclon as sensitive to salt stress at the seedling stage. It is important to
mention here that our results from screening experiments are in close conformity with
some of earlier findings by (Qasim et al., 2003) and Ulfat et al. (2007) in which Dunkeld
and DGL were declared as salt tolerant cultivars while Cyclone as sensitive. These
results are similar to some earlier studies in which salt tolerant lines were selected. For
example, Dewey (1960) found a few salt tolerant lines out of 60 lines of Agropyron
desertorum. In the same way, Kingsbury et al. (1984) selected 29 salt tolerant wheat
lines out of over 5000 accessions of wheat world germplasm at the early growth stages.
However, their selection was in two steps with high selection pressure. At the first step,
they selected 312 accessions with vigorous growth at 85% seawater salinity. Selected
312 wheat accessions were allowed to seed set and subsequent generation were
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subjected to 50% seawater salinity and selected 29 wheat accessions as salt tolerant.
Similarly, Ulfat et al. (2007) selected 5 salinity stress tolerant cultivars of canola out of
thirty-two canola cultivars. Rasheed et al. (2015) selected eight salt tolerant
genotypes/accessions of guar [Cyamopsis tetragonoloba (L.) Taub.] at moderately high
selection pressure. These reports and results from the present study suggested that it is
possible to use selected salt tolerant canola cultivars in developing salt tolerant crop
cultivars through breeding.
Over past three decades, considerable efforts have been made so far to select
salinity stress tolerant canola lines. However, in very few studies salt tolerance in canola
germplasm was assessed on different growth stages (Ashraf and McNeilly, 2004; Purty
et al., 2008). In the present study, 28 lines were screened for salt tolerance at the
germination and seedling stages. Then, 13 out of 28 cultivars were further evaluated for
salt tolerance that can be used in developing resistant cultivars against salt stress
through breeding and for further studies. Growth reduction in plants due to salt stress
can related to well-known reasons such as salt induced osmotic and toxic effects.
However, growth reduction in canola cultivars due to imposed salt stress is variable.
For example, adverse effects of salt stress on the growth of cultivars DGL, Dunkeld,
KN252, and Faisal canola was minimum, while maximum growth reduction was found
in cultivars Westar, No-0722-A1, and No-0732-A1. A significant genetic variation
observed in 13 canola cultivars under saline conditions at the vegetative growth stage
is similar to some earlier studies (Ali et al., 2006; Cuartero et al., 2006; Oyiga et al.,
2016; Rasheed et al., 2015). Since plants ability to combat salt stress depends on type
of species or cultivar, it is possible to identify cultivars with contrasting physiological
and biochemical attributes. Cultivars resistant to salt stress differ due to genetic
superiority for various physiological or biochemical processes than in sensitive
cultivars. Thus, the genetic variations for salt tolerance in canola cultivars observed in
the present study might be the result of variation in photosynthetic capacity, ion
accumulation, nutrient imbalance and enzyme activities.
Maintaining ion homeostasis is challenging for plants in general and particularly
in crops growing under saline conditions. Under salt stress accumulation of toxic ions
can interfere with the ability of plants to accumulate other ions (Akram et al., 2007;
Genc et al., 2016; Iqbal and Ashraf, 2013; Ismail and Horie, 2017; Munns and Tester,
2008). Therefore, assessment of ion accumulation in different parts of the crop plants
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gives an insight of the mechanism of salt tolerance. Generally, all plants limit uptake
of Na+ and Cl- in shoots and roots (Ashraf, 2004; Munns, 2002, 2005). However, extent
to which these salts are accumulated in a specific plant parts depend upon the plant
capacity to limit uptake of these elements (Ashraf, 2004). It is widely accepted that salt
tolerance is associated with low accumulation of Na+ and subsequent increased
absorption of K+ ions to maintain desirable K+/Na+ ratios in cytosol (Ashraf et al., 2008;
Munns and Tester, 2008; Negrão et al., 2017; Tester and Davenport, 2003). Results
from current study demonstrate that accumulation of Na+ in the leaves of all the canola
cultivars increased due to salt stress with consistent decrease in K+ concentration.
Cultivars Cyclon, Bulbul-98, Oscar and NURYT-202/19 accumulated higher Na+
concentration as compared to cvs. Dunkeld, DGL, Faisal Canola and Punjab canola.
However, cultivar DGL accumulated higher K+ concentration whereas reverse was true
for cv. Cyclone. Furthermore, higher K+/Na+ ratio was obtained in cvs. Dunkeld and
DGL and lowest in cv. Cyclone and Bulbul-98. These results are in agreement with
those of Ashraf and Ali (2008) who reported more K+/Na+ in cv. Dunkeld and low in
cv. Cyclone and on the basis, these and some other results they ranked Dunkeld as salt
tolerant and Cyclone as sensitive. Ali et al. (2006) also showed increase in Na+ and
decrease in K+ in shoots of rapeseed and higher K+/Na+ in salt tolerant rapeseed than
salt sensitive. Athar et al. (2009) also reported lower leaf Na+ and higher leaf K+
accumulation in cv. Dunkeld and reverse for cv. Cyclone. Higher K+ accumulation in
DGL with higher K+/Na+ ratio indicates its potential of salt tolerance. Moreover, it has
been reported that reduction in cytosolic Na+ concentration indicates mechanism of salt
exclusion and Na+ exclusion from the leaves is associated with salt tolerance of the
crops (Ismail and Horie, 2017; Munns and Gilliham, 2015; Munns and Tester, 2008;
Roy et al., 2014). Salt tolerant crop cultivars accumulate less Na+ and keep higher K+,
K+/Na+ ratio showing antagonism between K+ and Na+ (Negrão et al., 2017; Oyiga et
al., 2016).
Of various physiological attributes, photosynthesis is a key phenomenon which
substantially contributes to plant growth and development (Ashraf and Harris, 2013)
and assessment of plant photosynthetic capacity is crucial to determine crop
productivity under saline and non-saline conditions (Ulfat et al., 2007). In present study,
photosynthetic capacity of 28 and then 13 selected canola cultivars was assessed.
Results showed reduction in CO2 assimilation rate in all canola cultivars which is an
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agreement with what has been reported earlier in different crops, e.g pea (Noreen et al.,
2007), canola (Athar et al., 2015; Khalid et al., 2015), radish (Jamil et al., 2007; Noreen
and Ashraf, 2008), wheat (Arfan et al., 2007; Raza et al., 2006). Lowest reduction in
photosynthetic rate (A) was found in cv. DGL while highest reduction was found in cv.
KN(s)-751V followed by cv. Ac-Excel. These results can be related to some earlier
researches in which a close relationship between growth and photosynthetic capacity
was observed in different crops such as Pea (Noreen et al., 2007), canola (Athar et al.,
2008; Ulfat et al., 2007), radish (Noreen and Ashraf, 2008), wheat (Arfan et al., 2007;
Raza et al., 2006). Reduction in photosynthetic rate under salt stress have also been
reported by many researchers in which it is clearly reported that decrease in
photosynthetic rate under salt stress is normally attributed to suppression in stomatal
conductance and stomatal closure (Ashraf and Harris, 2013; Munns and Tester, 2008).
From these studies it is well evident that genetic differences to salt tolerance in canola
cultivars is due to genetic variations in photosynthetic rate and can be recommended a
useful selection criterion to assess salt tolerance in canola.
Data from CO2 assimilation rate reveal that there found no positive relationship
between photosynthetic rate and growth of cultivars differing in salt tolerance. These
results are supported to some earlier studies in which it has been reported that it is quite
difficult to correlate the reduction in photosynthesis with growth reduction (Munns and
Tester, 2008; Negrão et al., 2017). Results also explain presence of genetic difference
to photosynthetic rate among the canola cultivars under saline conditions. Several
studies have shown genetic variability in photosynthetic responses due to salinity e.g
Jiang et al. (2006) found wide variation in stomatal conductance (as function of
photosynthesis rate) of 16 barley cultivars under saline conditions, El-Hendawy et al.
(2005) reported genetic variation in photosynthetic parameters of 13 wheat varieties
under saline environment.
Marked reduction in transpiration rate (E) was observed in all salt stressed
plants of canola cultivars. The differences between salt sensitive and salt tolerant
cultivars were not consistent in this variable e.g salt sensitive cultivar Cyclone was
higher to salt tolerant cultivar DGL under saline conditions. Water use efficiency
(WUE) increased in most of the canola cultivars however this increase was more
pronounced in cv. Chakwal sarson and this could be the consequence of reduction in
transpiration rate (E). Salt stress also resulted in significant decline in sub-stomatal CO2
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concentration (Ci) in all canola cultivars as has been earlier reported in wheat (Arfan et
al., 2007), canola (Ulfat et al., 2007), safflower (Siddiqi et al., 2009).
In a number of comprehensive studies, it has been observed that have reported
that salt stress causes photoinhibition due to lower rates of CO2 assimilation in salt
stressed plants. Under long period of salinity stress, over-reduction of photosynthetic
electron transport carriers generates reactive oxygen species which degrade
photosynthetic pigments by activating chlorophllase or by inhibiting chlorophyll a/b
binding proteins synthesis (Chaves et al., 2009; Foyer et al., 2012; He et al., 2015b). It
is generally accepted that photosynthetic efficiency depends upon photosynthetic
pigments, which play crucial role in light reaction of photosynthesis (Taiz et al., 2015).
Moreover, salt induced reduction in photosynthetic pigment cause lowering in
photosynthetic capacity as reported earlier by Delfine et al. (1999). In addition, amount
of chlorophyll can be used as selection criteria as has been observed in different crops,
e.g., pea (Noreen and Ashraf, 2009), wheat (Raza et al., 2006), and in melon (Cucumis
melo L.) (Romero et al., 1997). Results from the present study, it is clear that total
chlorophyll contents measured as SPAD values increased in all canola cultivars under
saline conditions. Increase in total chlorophyll contents might be the consequence of
reduction in leaf area under salt stress. Since chlorophyll content estimation by using
SPAD meters gives the ratio between leaf thickness and leaf greenness (Negrão et al.,
2017) and that salinity cause reduction in leaf area of the stressed plants so, such results
may be expected.
The effect of salinity stress on plant photosynthesis is very complex and each
component of this physiological phenomenon ranging from light absorption and
photosynthetic electron transport to utilization of reducing equivalents in CO2 fixation
and stomatal regulation. Plants have ability to adjust cytosolic and chloroplastic Na+
accumulation, maintains the balance between generation and consumption of ATPs and
NADPH in Calvin cycle by regulating photosynthetic electron transport at the thylakoid
membrane underrate salt stress (Athar et al., 2015; Bose et al., 2017; Stepien and
Johnson, 2009). However, at high salt stress, photosynthetic electron transport-induced
ROS generation cause damaged to PSII (Jiang et al., 2017). Use of antioxidants to
reduce ROS generation in plants under salt stress enhance the photosynthetic activity
and salt tolerance in wheat (Janda et al., 2016), eggplants (Singh et al., 2016), maize
(Jiang et al., 2017). These researchers suggested that acclimation to salt stress depends
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on photosynthetic electron transport, ROS generation, antioxidant activities. As
mentioned in above-cited examples, assessment of photosystem II (PSII) activity and
electron transport can be done using chlorophyll a fluorescence technique. In addition,
it can provide effective selection criteria for salt tolerance (Athar et al., 2015; Jiang et
al., 2006; Khalid et al., 2015; Maxwell and Johnson, 2000). For example, Çiçek and
Çakırlar (2008) reported the degree of salt tolerance in soybean cultivars depends on
maintenance of balance in light absorption and light utilization efficiency (qP) by
adjusting chlorophyll contents, chlorophyll a/b ratio and non-photochemical quenching
(NPQ). In the present study, structural and functional stability of photosystem II was
assessed using fast chlorophyll a kinetic analysis and dual pulse amplitude chlorophyll
fluorescence analysis in selected 13 canola cultivars.
Data from OJIP analysis showed that salt stress changed the shape of transients
at all steps with major reduction in J-I and I-P regions. The initial fluorescence denoted
by Fo did not change significantly in most of canola cultivars. Since Fo phase of the
curve shows the fluorescence of the antenna complex at open reaction centers of PS-II
and in case our results, low values of Fo taken from dark adapted leaves (open reaction
centers) represent highest excitation energy transfer between photosynthetic pigments
in light harvesting antenna complex of PS-II. Moreover, there was observed significant
reduction in maximal fluorescence Fm in all cultivars. The reduction in Fm corresponds
to the fact that plants are under stress and it is representing reduction in entire electron
transport chain as a consequence of traffic jam of the electron on the acceptor side of
the PS-I (Goltsev et al., 2016; Stirbet and Govindjee, 2011). Moreover, transients
normalized with Fo or Fm suggested that salt stress decreased the amplitude of
fluorescence at JI and IP phases of the transients. Since J-I and I-P phases of the
fluorescence curve are known as temperature sensitive thermal phases and reduction in
fluorescence of the salt stressed plants indicate reoxidation of the PQ due to PS-I
operation and shows reduction in PQ- pool.
To further confirm the results, difference kinetics at each step of the transient
was derived. The O-J phase of transient curve known as fast photochemical phase has
further two steps ΔVok (L-band) and ΔVOJ (K-band). The appearance of L-band in cv.
Rainbow followed by cvs. Oscar and Legend showed loss in connectivity of light
harvesting complex from core of PS-II. However, appearance of negative L-band cvs.
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Ac-Excel, CON-II indicates the persistent energetic connectivity between LHCII to PSII reaction centers. Kinetic difference at 300 μs (ΔVOJ) represents the K-band. A
positive K-band was visible in cv. Legend followed by rainbow representing salt stress
induced imbalance of the transfer of electrons at the acceptor and donor side of PS-II
(Guha et al., 2013; van Heerden et al., 2007). Accentuated negative K-band appeared
in cvs. Faisal canola and Dunkeld followed by cvs. Ac-Excel and CON-II suggesting
their potential to resist imbalance of the electron flow from oxygen evolving complex
(OEC) to reaction centers of accepter side of PS-II.
The O-I phase of OJIP transient kinetics (ΔVOI) explains the properties for
oxidation/reduction states of PQ pool. Negative ΔVOI amplitude obseved in cvs. Oscar,
CON-III, Rainbow, Punjab Canola, DGL and Dunkeld represent their potential of PQ
reduction rate under salt stress (Guha et al., 2013; Khalid et al., 2015). In contrast,
positive ΔVOI peaks appeared in cvs. Legend, Cyclon, Ac-Excel and Shirallee
indicating their failure to maintain oxidation and reduction rates of PQ pool under saline
conditions. The more plausible justification could be the poor occupancy status QB site
in PSII along with PQ pool oxidation/reduction status under saline conditions. The last
fluorescence transient I-P phase demonstrates electron flux from reduced plastoquinone
(PQH2) to final electron acceptor of PS-I. Results of I-P transient difference kinetics
showed reduction in all canola cultivars. The decline in I-P phase under salt stress
indicate reduction in final electron pool of PS-I which may be correlated to salt stress
induced reduction in plant water status.
Further detail of the PS-II activity can be analyzed by performing different steps
and ratios chlorophyll fluorescence. VJ denotes the normalized variable fluorescence at
step J and represents number of closed reaction centers. Higher values of VJ observed
in cvs. Cyclon, Ac-Excel and Legend indicate increase in closed reaction centers in PSII. VI is for normalized variable fluorescence at point of OJIP transient and reflects the
ability of PS-I and its acceptors to reoxidize the reduced plastoquinone. We observed
minimum ability of PS-I to oxidizing the PQ in salt sensitive canola cultivars Legend,
Cyclone, AC-Excel.
Values of initial, variable and maximum fluorescence (Fo, Fv, Fm) and their
ratios (Fv/Fo, Fm/Fo) decreased in most of the canola cultivars, but salt sensitive or
moderately sensitive canola cultivars such as Cyclone, Legend, Oscar exhibited a
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greater decrease. It is important to mention here that salt stress did not decrease Fv/Fm
in all canola cultivars. Some researchers suggested that Fv/Fo is more sensitive to salt
stress (Baker, 2008; Kalaji et al., 2012). These results can be explained in view the
arguments of Chen et al. (2011) that salt stress adversely affected the PSII activity at
both donor end (oxygen evolving complex) and acceptor end (QA and QB sites in PSII).
Bussotti et al. (2011) correlated such salt induced reduction in Fo and Fv values with
increased thermal dissipation and pigment losses in antenna. While working with 150
wheat genotypes Oyiga et al. (2016) reported that salt tolerant genotypes had lesser
reduction in initial and maximal fluorescence values and their ratios than in salt
sensitive one. They attributed it to increase in trapping efficiency of PSII by
deactivating PSII units to maximize photochemical efficiency. In addition, fluorescence
values and their ratios obtained from OJIP curves can be used to distinguish salt tolerant
cultivars from salt sensitive cultivars. In the present study, performance index (PIABS)
reduced due to salt stress in canola cultivars except in salt tolerant cultivar DGL where
it remained unchanged. Moreover, maximum reduction was observed in salt sensitive
Legend and Oscar, whereas no or minimum reduction performance index found in salt
tolerant cultivars DGL and Faisal Canola. However, a clear demarcation between salt
tolerant and salt sensitive cultivars cannot be done based on this attribute. These results
are partially being related with Oyiga et al. (2016) who reported that no noticeable
pattern was found to discriminate salt sensitive and tolerant cultivars. In order to assess
the effects of salt stress on primary photochemistry in canola cultivars, energy fluxes
(ABS/RC, TRo/RC, ETo/RC and DIo/RC) were calculated following JIP-test. Salinity
stress did not change the ABS/RC and TRo/RC in all canola cultivars except in Legend
where it increased ABS/RC. Moreover, ETo/RC energy flux for electron transport
decreased in moderately salt sensitive or salt sensitive canola cultivars viz. AC-Excel,
Shiralee, CON-II and Cyclone. However, DIo/RC was maximal in Legend, AC-Excel
and Cyclone. From these results, it is suggested that salt tolerant canola cultivarsmaintained energy conversion efficiency by down-regulating PSII activity with
increase in DIo/RC. However, moderately salt sensitive and salt sensitive cultivars
Legend and Cyclone were unable to sufficiently down-regulate PSII activities and thus
excess excitation damaged PSII (Greater decrease in PIABS). However, cultivars ACExcel down-regulate PSII activity with transfer of excitation pressure to PSI, thus PSII
protected by dissipating heat as reflect greater PIABS values. From these results, it can
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be suggested that salt stress reduced energy absorption, trapping and energy conversion
efficiency resulting in photoinhibition in cultivar dependent manner.
It is well known that both photosystems work coordinately for electron transport
to generate ATP and NADPH. In plants, electron transport occurs via two routes. In
first route, electron transport from PSII, Cytochrome b6 complex, plastocyanin and PSI
called linear electron transport. In the second route, electrons can be recycled from
ferridoxin to cytochrome b6 complex called cyclic transport. Salt stress increase the
accumulation of Na+ in chloroplast and affect the PSII and PSI activity. To understand
efficiency of both photosystems and electron transport in canola cultivars, dual pulse
amplitude fluorescence was measured. In the present study, salt stress did not affect
Fv/Fm, Fo and Fm. These results showed that PSII remained stable in all canola
cultivars. These results are in contrast to those in which it has been reported that salt
stress severely inhibited PSII activity (Athar et al., 2015; Belkhodja et al., 1994; Khalid
et al., 2015; Qu et al., 2012; Stepien and Johnson, 2009). However, effective quantum
yield of PSII of all canola cultivars decreased. Cultivars Faisal Canola, Punjab Canola,
Bulbul-98 and Shiralee were least effective in this attribute and electron transport rate.
In addition, electron transport in PSII and in PSI decreased in all canola cultivars due
to salt stress. However, this effect was lesser on electron transport rate through PSI.
Greater rater of electron transport through PSI indicated increase in cyclic electron flow
(Johnson et al., 2014; Kramer et al., 2004; Lu et al., 2009; Munekage et al., 2004;
Stepien and Johnson, 2009). Phosphorylation of light harvesting complex-II (LHC-II)
by an enzyme LHC-II kinase –a basic process of state transition up-regulate cyclic
electron transport (Joliot and Joliot, 2002; Sharkey, 2005). From the results of the
present study, it is obvious that cultivars Rainbow and Bulbul-98 showed maximal
increase in cyclic electron flow around PSI. In addition, increase in cyclic transport
around photosystem I (PSI) improved salinity tolerance in plants such as in soybean
(Lu et al., 2009), Thelungiella halophyla (Stepien and Johnson, 2009), in maize (Qu et
al., 2012) and heat stress tolerance in rice (Essemine et al., 2017). However, if we draw
relationship between degree of salt tolerance and cyclic electron transport, cultivars
with maximum cyclic electron flow viz. Bulbul-98 and Rainbow were moderately salt
tolerant. These results suggested that cyclic electron flow may have a partial role in salt
tolerance.
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In the present study, effective quantum yield of photosystem-II Y(II) decreased
in canola cultivars with increase in photo-protective non-photochemical quenching via
xanthophyll cycle Y(NPQ) and non-regulated heat dissipation Y(NO). Salt sensitive
cultivar Oscar, moderately salt sensitive AC-Excel and Shiralee had lower NPQ values.
These results suggesting that salt sensitive or moderately salt sensitive were unable to
effectively dissipate excess light energy. This situation causes the generation of reactive
oxygen species around thylakoidal and stromal reactions. This argument can be
evidenced by PSI activity measured by changes in absorption at 830 nm. Higher values
of Y(NA) indicated that acceptor side of PSI (Fd, FNR, Calvin Cycle) become over
reduced and it promoted the donation of electron from Fd to oxygen to generate
superoxide radicals. In other words, it indicates photoinhibition of PSI due to ROS
generation in chloroplast. From the results of present study, it is clear that Y(NA) was
higher in salt sensitive Legend, Oscar and moderately sensitive CON-II, CON-II,
Punjab Sarson than in salt tolerant Dunkled, DGL. These results suggested that alt
tolerant canola cultivars are better protected from photo-inhibition of PSI and PSII.
These results are analogous to that of (Lei et al., 2014) who reported that among three
oilseed crops, Jatropha curcas and Ricinus communis are more resistant to cold stress
than Plukenetia volubilis. Moreover, they attributed to better stress tolerance in
Jatropha curcas and Ricinus communis to protection of PSII and PSI to higher cyclic
electron transport and lower oxidative stress in chloroplast. It is well known that greater
cyclic transport reduced the generation of superoxide radical in Mehler reaction (Foyer
et al., 2012; Laisk et al., 2010). In a number of studies, it has been reported that under
abiotic stress conditions, stimulation of cyclic electron provide ATP for protection and
repair of photosynthetic apparatus (Golding and Johnson, 2003; Huang et al., 2012;
Leister and Shikanai, 2013). However, stimulation of cyclic electron flow around PSI
was greater in moderately salt sensitive canola cultivars as compared to salt tolerant
DGL and Dunkled cannot be explained in view of the above arguments.
Among plant metabolites, proteins play a vital role in initiating, regulating and
inducing stress tolerance responses plants ranging from accumulation stress related
proteins such as dehydrins, heat shock proteins to antioxidant enzymes, ion transporters
and transcription factors. Over the past decade, a number of studies have been published
in assessing crop stress tolerance in model species using proteomic approaches (Kim et
al., 2005; Komatsu et al., 2014; Pang and Wang, 2010; Taji et al., 2004). However, a
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very few attempts in assessing salt tolerance have been made so far in crop species like
canola. Comparison of contrasting canola cultivars differing in salinity tolerance will
provide insight information for salt tolerance. From the results of the present studies, it
is clear that 18 proteins differentially expressed under saline conditions in a set of 13
canola cultivars. Of 18 differentially expressed proteins, six proteins were related with
antioxidant activities such as peroxidase 73, chloroplastic Cu-Zn SOD, thioredoxin H5,
Glutathione S-transferase DHAR2. A number of studies signified the role of fine tuning
of ROS level and antioxidants in salt tolerance in plants (Janz et al., 2012; Maršálová
et al., 2016; Wang et al., 2016). In addition, five proteins were associated with
photosynthesis (chlorophyll biosynthesis and CO2 fixation in Calvin cycle). These
results are similar to those of Pang and Wang (2010) who found a number of stress
related protein in salt tolerant Thelungiella halophilla and Arabidopsis thaliana. In
some of the earlier studies, salt stress caused profound alterations in protein with
photosynthetic metabolism which include oxygen evolving complex, PSII subunits,
rubisco and rubisco activase (Caruso et al., 2008; Kim et al., 2005). In the present study,
two proteins related with ATP metabolism were identified in salt stressed plants of
canola such as mitochondrial ATP synthase. From these results, it validates the
arguments that ATP metabolism has a principal contribution in inducing salt tolerance
because salt tolerance is an energetic process. For example, salt exclusion in durum and
hexaploid wheat depends on H-ATPase activity (Cuin et al., 2011). Similarly, Ayala et
al. (1997) found that salt tolerant wheat cultivars have greater H-ATPase activity than
in salt sensitive one. Regarding chlorophyll biosynthesis, magnesium chelatase subunit
ChlH differentially expressed in salt stressed plants of canola. During chlorophyll
biosynthesis, this enzyme catalyzes the incorporation of Mg2+ in protoporphyrin IX.
Moreover, this process is also ATP-dependent. These results are similar to Maršálová
et al. (2016) who identified in salt tolerant species of Hordeum vulagre. In contrast,
Cheng et al. (2015) found that magnesium chelatase decreased in salt stressed plants of
Tangut nitraria. Only one protein UDP-glucose for carbohydrate anabolism was
differentially expressed in salt stressed canola cultivars. However, variations in
different canola cultivars with respect to these proteins relative abundance can be
explained as poor detection in some samples or sequencing smaller number of peptides
do not warrant good identification under strict criteria for identification.
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In conclusion, salt induced reduction in canola cultivars was due to changes in
photosynthetic activity and oxidative stress in addition to changes in sodium and
potassium ion accumulation. Chlorophyll fluorescence measured as fast chlorophyll a
kinetic analysis or through dual pulse amplitude fluorescence along with proteome
analysis provide deeper insights about contribution of photosynthetic activity and
antioxidant potential in salt tolerance of canola cultivars. This study will provide a new
avenue for exploring photosynthesis as selection criteria for salt tolerance.
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Chapter 6

SUMMARY
The study was conducted to evaluate canola germplasm (local and exotic) for salt
tolerance at the germination, seedling growth stages and adult growth stages, and to draw the
relationships among various physiological and biochemical processes to identify the traits
responsible for salt tolerance in canola. In the present study, selected canola cultivars at the
germination and seedling stages were further evaluated for salt tolerance at the adult vegetative
growth stage using various biochemical and physiological attributes particularly PS-II
photochemistry and protein profiling. For this purpose, a series of four independent
experiments were conducted to screen out available canola germplasm at varying salinity levels
(0, 75, 100, 150 and 200 mM NaCl) at germination and seedling stages. A considerable
variation among the canola cultivars has been observed in seed germination ability under salt
stress. Among canola cultivars investigated in the present study, a few cultivars showed a
consistent degree of salt tolerance with the change in level of salt stress. From all screening
experiments at the seedling stage, it was concluded that cvs. DGL, Dunkeld and Faisal canola
categorized as salt tolerant while cvs. Ac-Excel and Oscar moderate salt tolerant and cvs.
Legend followed by Cyclon as sensitive to salt stress at the seedling stage.
Canola cultivars subjected to screening at germination and seedling stages were also
evaluated at the vegetative growth stage by subjecting them varying levels of salt stress (0, 75,
100, 150 and 200 mM NaCl). Results from current study demonstrated that accumulation of
Na+ in the leaves of all the canola cultivars increased due to salt stress with consistent decrease
in K+ concentration. Cultivars Cyclon, Bulbul-98, Oscar and NURYT-202/19 accumulated
higher Na+ concentration as compared to cvs. Dunkeld, DGL, Faisal Canola and Punjab canola.
However, cultivar DGL accumulated higher K+ concentration whereas reverse was true for cv.
Cyclone. Furthermore, higher K+/Na+ ratio was obtained in cvs. Dunkeld and DGL and lowest
in cv. Cyclone and Bulbul-98. On the basis of photosynthetic capacity of the canola cultivars,
results showed reduction in CO2 assimilation rate and transpiration rate in all canola cultivars.
Lowest reduction in photosynthetic rate (A) was found in cv. DGL while highest reduction was
found in cv. KN(s)-751V followed by cv. Ac-Excel. Water use efficiency (WUE) increased in
most of the canola cultivars however this increase was more pronounced in cv. Chakwal Sarson
and this could be the consequence of reduction in transpiration rate (E). Total chlorophyll
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contents measured as SPAD values increased in all canola cultivars under saline conditions.
Increase in total chlorophyll contents might be the consequence of reduction in leaf area under
salt stress.
Structural and functional stability of photosystem II was assessed using fast chlorophyll
a kinetic analysis and dual pulse amplitude chlorophyll fluorescence analysis in selected 13
canola cultivars. The initial fluorescence denoted by Fo did not change significantly in most of
canola cultivars. Moreover, there was observed significant reduction in maximal fluorescence
Fm in all cultivars. The appearance of L-band in cv. Rainbow followed by cvs. Oscar and
Legend showed loss in connectivity of light harvesting complex from core of PS-II. However,
appearance of negative L-band cvs. Ac-Excel, CON-II indicated the persistent energetic
connectivity between LHCII to PS-II reaction centers. A positive K-band was visible in cv.
Legend followed by rainbow representing salt stress induced imbalance of the transfer of
electrons at the acceptor and donor side of PS-II. Accentuated negative K-band appeared in
cvs. Faisal canola and Dunkeld followed by cvs. Ac-Excel and CON-II suggesting their
potential to resist imbalance of the electron flow from oxygen evolving complex (OEC) to
reaction centers of accepter side of PS-II. Variable and maximum fluorescence (Fo, Fv, Fm)
and their ratios (Fv/Fo, Fm/Fo) decreased in most of the canola cultivars, but salt sensitive or
moderately sensitive canola cultivars such as Cyclone, Legend, Oscar exhibited a greater
decrease. Salt stress did not decrease Fv/Fm in all canola cultivars. Performance index (PIABS)
reduced due to salt stress in canola cultivars except in salt tolerant cultivar DGL where it
remained unchanged. Moreover, maximum reduction was observed in salt sensitive Legend
and Oscar, whereas no or minimum reduction performance index found in salt tolerant cultivars
DGL and Faisal Canola. From these results, it is suggested that salt tolerant canola cultivarsmaintained energy conversion efficiency by down-regulating PSII activity with increase in
DIo/RC.
Results from protein profiling study of 13 canola cultivars indicated 18 proteins
differentially expressed under saline conditions. Of 18 differentially expressed proteins, six
proteins were related with antioxidant activities such as peroxidase 73, chloroplastic Cu-Zn
SOD, thioredoxin H5, Glutathione S-transferase DHAR2, five proteins were associated with
photosynthesis (chlorophyll biosynthesis and CO2 fixation in Calvin cycle) and two proteins
related with ATP metabolism were identified in salt stressed plants of canola such as
mitochondrial ATP synthase.
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In conclusion, salt induced reduction in canola cultivars was due to changes in
photosynthetic activity and oxidative stress in addition to changes in sodium and potassium ion
accumulation. Chlorophyll fluorescence measured as fast chlorophyll a kinetic analysis or
through dual pulse amplitude fluorescence along with proteome analysis provide deeper
insights about contribution of photosynthetic activity and antioxidant potential in salt tolerance
of canola cultivars. In future studies this study will provide a new avenue for exploring
photosynthesis as selection criteria for salt tolerance.
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