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ABSTRACT

To study the effect of salt stress on quantitative and qualitative parameters of canola (Brassica napuse. L)
cultivars, and determine the possible mechanisms of salt tolerance and the best salt tolerance indices, an
experiment was conducted a hydroponic culture in Greenhouse of university of Tabriz and also To investigate
the effect of salinity resulted from sodium chloride on rapeseed and selection of the most tolerant and
susceptible genotypes, 12 canola (Brassica napus L.) cultivars were evaluated under three salinity treatment
(0, 150 and 300 mM NaCl) arranged in split plot design under hydroponic culture system. Salinity stress was
significantly affected all the traits under study. Proline is the major amino acid associated with
environmental stresses (salinity, extreme temperatures, UV radiation and heavy metals). When exposed to
drought or a high salt content in the soil (both leading to water stress), many plants accumulate high
amounts of proline, in some cases several times the sum of all the other amino acids. Free proline content in
leaves increased significantly by increasing of NaCl concentration. Accumulation of K+ in shoot instead of
proline might be a way in which the genotypes perform osmotic adjustment under salinity. Tolerance index
was identified as a good criterion to select the tolerant genotypes under high salinity stress. According to this
index, Heros and Comet were identified as salt-sensitive and Craker and Amica as salt-tolerant genotypes.
Results indicated that, pod per plant is the more influencing trait on seed yield under both normal and
salinity conditions. Cluster analysis were classified the genotypes into the three groups in which Heros and
Comet were blong to the cluster with low mean with respect to all the traits. These results suggest an ample
genetic variability between rapeseed genotypes which could be used in breeding programs. Furthermore, by
identification of contrasting genotypes, molecular dissection of tolerance to salinity stress and identification
of corresponding genes would be amenable.

Keywords: Brassica napus, Correlation coefficient, Proline, Salt Stressdi@m chloride.

INTRODUCTION

Salinity is a major abiotic stress reducing thddyigf a wide variety of crops all over the world.[1
Although the level of salts in most irrigation westes below the threshold for the more sensitive
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crops, salt accumulation in irrigated soils fronmtbrigation and groundwater sources can increase
salinity to levels which can reduce growth and djief even the more tolerant crops. Overcoming
salt stress is a main issue in these regions toreragricultural sustainability and continued food
production [2]. Rapeseed (Brassica napus L.), fthen Cruiceferae family, grows in about 42.2
million ha in 53 countries all over the 6 contirgntielding an average of 1451 kg ha-1. Asia alone
owns 59.1% of the cultivated areas, but producdyg 48.6% of the whole productiorCanola
(Brassica napus L.) has a high adaptability underdifferent environmental conditions especially
under the drought, salinity and temperature steefe

The research has shown that in response to swoiltgakeedlings growth, leaves area, root biomass
and shoot biomass have all been reduced [4]. |beead Brassicas, for example, higher yield is
closely associated with greater post-anthesis drovitich, in turn, is correlated with a capacity for
osmotic adjustment to drought. Differences in salkrance among plant species have also been
long recognized. However, the role that salt taleeaplays in causing differences in nutrient uptake
and metabolism between various plants, among plagties, at different stages of growth is still a
major concern among investigators, and has not aglgnunderstood. So it requires joint effort of
agronomist, biochemist, geneticist, plant physi@tg soil scientists among others. Plant
performance usually expressed as a crop yieldt flemmass or crop quality, may be adversely
affected by salinity-induced nutritional disordefitese disorders may result from the effect of
salinity on nutrient availability, competitive ujgs transport or partitioning within the plant. For
example salinity reduces phosphate uptake and adation in crops grown in soil a primarily by
reducing phosphate availability. High salinity srimful to plant growth as it causes; (a) Nutritiona
disorders by decreasing the uptake of cations, sgcpotassium and calcium, but also of anions
such as phosphorus and nitrate [5]. (b) lon cytotyxmainly due to elevated concentrations of
Na+, Cl-, plus SO- 4 (c) Osmotic stress [6]. Therideental effects of salt on plants are a
consequence of both a water deficit that resutthfthe relatively high solute concentrations in the
soil and a Na+-specific stress resulting from altelK+/ Na+ ratios and Na+ ion concentrations that
are inimical to plants [7]. Rosielle and Hamblir} §ifined stress tolerance (TOL) as the differences
in yield between the stress (Ys) and non-stresg érwpironments and mean productivity (MP) as
the average yield of Ys and Yp. Fischer and Ma[8Eproposed a stress susceptibility index (SSI)
of the cultivar. Fernandez [10] defined a new adeanindex (STI= stress tolerance index), which
can be used to identify genotypes that produce lyighd under both stress and non-stress
conditions. Other yield based estimates of drouglistance are geometric mean (GM), mean
productivity (MP) and TOL. The geometric mean iseafused by breeders interested in relative
performance since abiotic stress can vary in sgvarifield environment over years [11]. Several
environmental factors adversely affect plant groanld development and final yield performance of
a oilseed crop. Antioxidants enzyme and organicabg@s such as proline are known to occur
widely in higher plants and normally accumulatedairge quantities in response to environmental
stresses. Under environmental stress conditionspynmaants accumulate several kinds of
compatible solutes such as proline, glycinebetasugiars and polyols [1]. Oilseed crop studies
published to date have concentrated on the vagpasies in response to different biotic and abiotic
factors and many functional proteins have beentifiesh, for example, many kinds of proteins up-
regulated in response to stress in Suaeda aegypéaces [12], rice leaves [13] and rice roots [14]
and proteins involved in responses to osmotic stirr#rabidopsis [15]. The responses of plants to
stress conditions have evolved a variety of phggichl and biochemical processes, for example,
solute accumulation and the development of enzymattioxidant systems [1]. The amino acid

313
Scholars Research Library



Mahmoud Toor chi et al Annals of Biological Research, 2011, 2 (5):312-322

proline is known to occur widely in higher plantsdanormally accumulates in large quantities in

response to environmental stresses [16]. Plantdogmgmtioxidant defense mechanisms against
oxidative damage of reaction oxygen species. Rrolind betaine enhance antioxidant defense
systems in plant responses to various oxidativesséis [17]. Increased accumulation of proline
leads to the increase of enzyme activity of glutemanase and therefore increases biosynthesis
proline [18].

This experiment was conducted to determine the sgsd and shoot development of canola

cultivars at vegetative growth stage, associatibdrought tolerance indices with seed yield and

contribution of proline to osmotic adjustment irspense to salinity stress. Several indices have
been utilized to evaluate genotypes for drougtistasce based on grain yield.

MATERIALSAND METHODS

Plant Material and Growh Condition

The experiment was conducted in hydroponics cultystem under greenhouse conditions at the
Faculty of Agriculture, University of Tabriz. Thexgerimental design consisted of 36 treatments
replicated three times in split plot design, widthirsity as main factor and cultivar as sub factahw

5 plants in each subplot. Twelve canola cultivas rfapus) Olga Wild cat, Sarigol, Heros,
Cracker,Comet, Option 500SW hotshotAmica, SW5001Eagle andRGS003 were subjected to
three NaCl concentrations (0, 150 and 300 mM). Seeere sterilized and germinated in petri
dishes and seven day-oil seedling of uniform sizewtransferred into large sandbanks housed
within an environmentally—controlled greenhouse h(14laily light, 600-800pumol m-2s-
1photosynthetic photon flux density (PPFD) therneoigd 25\15°C day\night, relative humidity
50\60% day\night). The P.V.C. tanks were sub itedaand flushed four times daily with a modified
Hogland nutrient solution. NaCl stress was impas®een days after the seedlings were transferred.
Three randomly selected plants per replicate welleated at the fruit set stage, divided into legve
stems and roots, and dried in an oven at 70 °Q@ fdays to determine dry weights and elemental
concentrations. Analyses were carried out on anenght basis.

Tolerance Indices

Grain yield was determined under non-stress, ntitss and high stress conditions and indicated as
Yp, Ys; and Ys respectively.

Stress tolerance indices TOL1, MP2, SSI3, GMP4 &mtb were calculated using the following
relationships, respectively:

TOL =Y, -V, (1)

- Tolerance
- Mean productivity

- Stress Susceptibility Index
- Genometric Mean Productivity

ga b~ W NP

- Sress Tolerance Index
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Correlation between yield and salinity tolerancdiges was evaluated by MSTATC and Sl
computer programs.

Proline content

Proline content was determined according to thehatetdescribed by Bates et al. [19]
Approximately, 0.5 g of fresh leaf material was log@nized in 10 ml of 3% aqueous sulfosalicylic
acid and filtered through What man's No. 2 filtappr. Two milliliter of the filtrate was mixed with

2 ml of acid-ninhydrin and 2 ml of glacial aceticichin a test tube. The mixture was placed in a
water bath for 1 h at 100 °C. The reaction mixtwas extracted with 4 ml toluene and the
chromophore containing toluene was aspirated, daoleoom temperature, and the absorbance was
measured at 520 nm with a Shimadzu UV 1601 Spduottometer. Appropriate proline standards
were included for the calculation of proline in gamples.

Statistical Analysis

Data for ion content and water relations were aredyusing ANOVA (Randomized completely
Blok-design) to determine if significant differersc&ere present among genotypes means and mean
comparison was done using FLgBst.

RESULTS

Effect of salinity on plant growth

This study indicates that, the traits of plantighg shoot fresh and dry weight, root dry weight,
number of pods on the plant and seed yield weeetdtl by salinity, so that reduction in thesdgrai
was significant. This reduction can be a resulincfease in Osmotic pressure of the soil solution
and imbalances in the elements. Reduction of Osnpatiential, as a result of salinity, is the most
important deterrent factor in plant growth and itieximum reduction was observed in 300 ml mol.

6 - Fisher Least Significant Different

315
Scholars Research Library



Mahmoud Toor chi et al Annals of Biological Research, 2011, 2 (5):312-322

N @b}p”’

& & 69
~&\ i\ Q\ Q@ o(\ ‘00 ‘}P
0 cg‘"

=

Shoot dry weight (gr)
[ T e I R I - R L - =]

o®

Cultivars
Figure 1. Average shoot dry weight of canola cultivars under salinity condition (Lsd 1% =3.54).
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Figure 2: Seed yield of canola cultivarsunder salinity condition (Lsd 1% = 5.24).

Assessment of salinity Tolerancein canola cultivars

Determine the most desirable salinity toleranceeis, the correlation coefficient between Yp,Ys
and other quantitative indices of salinity tolerarweere calculated (Table 1). There were positive
significant correlations among Yp and (MP, GMP, Té@id STI) and Ysand (MP, GMP and STI).
The correlation coefficients for TOL and SSI veedegield under mild salinity stress (Ywere r =
-0.581, -0.49, respectively. No significant cortielas were observed between TOL and GMP (r =
0.034, p<0.05) and TOL and STI (r = 0.143, p<0.@5positive correlation (r = 0.331, p<0.01) was
found between seed yield under mild stressed anestressed situations (Table 1).

Also determine the most desirable salinity toleeaogteria, the correlation coefficient between Yp,
Ys; and other quantitative indices of salinity toleranwere calculated (Table 2). There were
positive significant correlations among Yp and (MGMP, TOL and STI) and ¥sand (MP, GMP
and STI). The correlation coefficients for TOL &®8I vs. seed yield under high salinity stress)Ys
were r = -0.43, -0.80, respectively. No significantrelations were observed between TOL and STI
(r = 0.028, p<0.05). A positive correlation (r =18, p<0.05) was found between seed yield under
high stressed and non-stressed situations (Table 2)
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Average STI index for canola cultivars were calteda(Table 3). Amica and Craker had the highest
amount of this index in high salinity stress andndastrate tolerant cultivars. Also Heros and
Comet had the lowest values for this index and detnate sensitivity cultivars. This index is in
relation with seed yield, in both environments. Aamount greater STI is more tolerant genotypes
to represent the salinity.

Table 1: Correlation coefficients between Yp, Ys; and salinity tolerance indices

Yp| Ys MP GMP TOL SS| STI
Yp | 1103310815 | 067 | 0.575 | 0.36 | 0.626
Ys; 1 0.817 | 0.706 | -0.581 | -0.49™ | 0.788
MP 1 0.844 | 0.005 | 0.085| 0.867

GMP 1 0.034| -0.116 0.886

TOL 1 -0.74 | 0.143
SS| 1 -0.085
STI 1

*and **Means significant at 5 and 1% levels of pabbity, respectively. Yp: Yield under non-stressdiion, Ys:
Yield under mild salinity conditions, TOL: Toleramcindex, GMP: Geometric mean productivity, SSI:eSsr
susceptibility index, STI: Stress tolerance index.

Table 2: Correlation coefficients between Yp, Ys; and salinity tolerance indices

Yp| Ys MP GMP TOL SSI STI
Yp 1 | 0.13| 0.873** 0.598** 0.33** 0.225 | 0.436*7
Ys; 1 | 0.597*| 0.656**| -0.43**| -0.80** | 0.768**
MP 1 0.807**| -0.46**| -0.241| 0.731*}
GMP 1 -0.181| -0.384* 0.904*
TOL 1 -0.65** 0.028
SSI 1 -0.41**
STI 1

*and **Means significant at 5 and 1% levels of pabbity, respectively. Yp: Yield under non-stressdiion, Ys:
Yield under high salinity conditions, TOL: Tolerandndex, GMP: Geometric mean productivity, SSI:eS¢r
susceptibility index, STI: Stress tolerance index.

Table 3: STl index for canola cultivars

STI

High salinity | Mild salinity| cultivars
0.87 2.77 Olga
0.39 1.91 Wildcat
0.85 2.72 Sarigol
0.28 14 Heros
1.37 3.18 Craker
0.43 2.38 Option 500
0.3 1.18 Comet
0.52 1.67 Sw hot shqt
0.91 1.76 Amica
0.64 2.24 Sw 5001
0.55 1.77 Eagle
0.87 2.72 RGS003
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PROLINE

Results showed that the prolin levels also wasctdte by salinity and The increase in salt stress,
increased proline concentration in canola culti&igure 3). The accumulation of free proline is a
common response to a wide range of biotic and absttesses [2]. Figure(4) shows the effect of
salinity on canola species’ leaves’ proline meawdrious salinity levels. The proline concentration
percentage changes in high salinity level shows itit@ease in proline amount in Olga specis is
more than increase in mild salinity level. By takithese different reports about proline’s role in
salinity stress resistivity into account, it's usean indicator and standard has always been iot dou
by the researchers, and more investigation in uarmants is required [20].

r— 3-
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Figure 3: leaf proline canola cultivarsin salinity condition (LSD 1% = 0.63).
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Figure 4: Effect of salinity on leaf prolinein the canola cultivars.
DISCUSSION AND CONCLUSION

Effect of salinity on plant growth

Figure(1) and Figure(2), show shoot dry weight &aed yield of canola cultivars under salinity
condition. In a comparison made based on cultivarerage traits, the reduction in Comet and
Heros cultivars was more than other cultivars. tiress conditions Amica showed root length
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growth. The reason is that, it devotes more phaottb®gis energy for root growth. Negative effect of
salinity on growth and root weight reductionwasoaisported by Saqib et al. [21]. The root growth
reduces and even stops, as a result of salinigause it leads to a disturbance in distribution of
mineral supplies and the root dry weight is reduaea result of reduction in root growth [22]. here
is significant difference between stress levelsnftbe point of traits plant height, root lengthedh
and dry shoot weight, fresh root weight, lengthpotl, 1000-seed weight, number of pods on the
plant and plant yield. It can be said that, thera high genetic diversity between these cultiazi

it can be used in reform programs, especially ikinga hybrid done to produce appropriate breed.
The cultivar interaction for salinity was non-difigant for all of the traits of the study, that
indicates that the similar reaction of cultivars different levels of salinity. Keshta et al. [23]
examined the salinity stress on different canoléivars on a farm experiment. By increasing soil
salinity from 2.5 to 6.5 mmohs flowering, numberatemes per plant, number of silliqua per plant,
1000-seed weight, seed yield per hectare, oil ebntetal dry matter and harvest index showed
significant decrease. This reduction is due todase in soil solution Osmotic pressure and the
imbalances in needed elements.

Evaluated based on stressresistance index

The results indicated that there were positive sigdificant correlations among Yp and (MP, GMP
and STI) and Ysand (MP, GMP and STI) and they hence were betetigtors of Yp and Ysthan
TOL and SSI. The observed relationship between ntp(8P and STI) and ¥sand (MP and STI)
are in consistent with those reported by [10] inngibbean and [24] in maize. Ud-Din et al. [25]
showed significant and positive correlation betw¥esrand TOL and Ys and Mp as well as between
Yp and MP, while TOL was negatively correlated wilp and MP. In the present study, the
correlation coefficient for stress tolerance (TQfk) seed yield under high salinity stress,f¥Ysas

(r = -0.43). Thus, selection for tolerance shoulecrdase yield in the high salinity stress
environment and increase seed yield under nonssfres0.33). Thus, selection for tolerance will be
worthwhile only when the target environment is netiessed. The correlation coefficient for mean
productivity vs. yields in high salinity stress andn-stress environments were 0.597 and 0.873.
Thus, selection for MP should give positive resgsnsn both environments. No significant
correlations were observed between TOL and GMP-(.£81) and TOL and STI (r = 0.028). The
lack of a correlation between TOL and GMP and betw&OL and STI would indicate that the
combination of high GMP and STI with a low to maater TOL is biologically accessible in canola,
thereby, combining different traits that associaitih each index.

[10] proposed STI index which discriminates genetypwith high yield and stress tolerance
potentials. Limitations of using the SSI and TOUMioes have already been described in common
bean [26]. The SSI does not differentiate betwestergially drought-tolerant genotypes and those
that possessed low overall yield potential. AltHougw TOL has been used as a basis for selecting
cultivars with resistance to water stress, thelilik®d of selecting low yielding cultivars with a
small yield differential can be anticipated [26].

Correlation analysis revealed that Yield poten{idp) and high stress yield (¥)shad highly
significant positive correlation coefficients wiBtress Tolerance Index (STI), Mean Productivity
(MP) and Geometric Mean Productivity (GMP). Moregwihe correlations among STI, MP and
GMP exhibited same trend, thus they can be intredws the most desirable indices for screening
salinity tolerance genotypes. Stress Tolerancexli(@¢l) is calculated based on GMP and thus rank
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correlation between STI and GMP is equal to 1. fiilgker value of STI means higher tolerance and
yield potential for genotype. The stress intengéjue is also incorporated in the calculation of.ST
Thus, STI is expected to be the most desirablexifaiesalinity tolerance. Same result was obtained
by [27] for STI, MP and GMP.

Under most yield trial condition, the correlatioetiveen Ys and Yp is between 0 and 0.5 and
genetic variance ratio is <1 [27]. Present regeitgaled that the correlation coefficient betwespn Y
and Yp was 0.13 (Table 2). Thus, genotypic selacfar yield under a non-stress environment
would increase the mean stress yield. MP is bagetthe arithmetic means and therefore, it has an
upward bias due to a relatively larger differeneéaeen Yp and Ys whereas, the geometric mean
is less sensitive to large extreme values.

In the present study, Craker and Amica cultivarg thee highest amount of STI and therefore, they
may be known as desirable genotypes for both stlessd non-stressed environments. Also Heros
and Comet had the lowest amount of STI and thezefttey may be known as undesirable

genotypes for stressed environment.

PROLINE

The plants use increased proline content for bitbegis of physiological specific proteins and/or
stress proteins. Effect of salinity to proline canmttin canola, rice and wheat was reported preiyous
[24]. The accumulation of proline oxidation or dmshed incorporation of proline into protein is
due to impaired protein synthesis and reduced dgrodtcumulated proline may supply energy to
increase salinity tolerance [28]. Accumulation af asmoprotectant, proline, is enhanced in
response to salinity in plants. One of these mdshan depends on the capacity for osmotic
adjustment, which allows growth to continue undeing conditions [2]. Plants may have evolved a
mechanism to coordinate synthesis, catabolism, teartsport activities for the accumulation of
proline [29]. A positive correlation between thelpre content and salt-stress tolerance has been
previously observed in a wide range of plant spef368]. Many studies have suggested that proline
is involved in intracellular osmotic adjustmentsvizeen the cytoplasm and vacuole. It has also been
proposed that proline can stabilize the cellulaucttire and scavenge free radicals or act as a
storage compound for carbon and nitrogen to allesovery of lipids from stress. Reviews indicate
that although assembly Transgenic plants leaded@ase in stress tolerance, but whether proline
accumulation in transgenic plants resulted in iaseg stress tolerance through osmotic adjustment
or other mechanisms is unknown [1]. Madan et al] [ghowed Salt stress caused differential
enhancement in proline level in both seedlingslaafl tissue of plants at different developmental
stages. Against Moghaieb et al. [32] view in studpuaeda maritima that such sensitive species to
salinity, amount of proline cumulative were in tleaves more than species Salicorina europaea
tolerant to salinity. also have been reported negaelationship between proline accumulation and
stress tolerance of tomato [33], and rice [34).itScan be concluded that proline increase not
only in sensitive cultivars but also can be sedgramt cultivars, but show the amount of increase i
tolerant cultivars more than the sensitive culvar

Proline is gathering canola cultivars under salimit tolerant cultivars, especially in two Osmotic
adjustment and physiological activities such asmleg to build stable structures following cellula
membranes and proteins such as, clearing free aladend stabilize cell oxidation potential
destructive effects of the adjustment to stress$]we can conclude that the first role of proise
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physiological activities [35] and the next role,mic adjustment. the first role in canola cultesr
IS more important than the second role. Role pagsmotic adjustment is required for high proline
concentration. If mentioned in 300 mmol saline dadiion Na+, the proline active role in the
amount Osmotic adjustment.
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