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Table 1- Mean squares for dry matter, chlorophyll a and b, carotenoids, magnesium, starch, RWC, and stomatal conductance
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awlils (0, 0 ey, s b Judg 5 a JubgIs S ool B Ol pndS 2o
Stomatal RwWC . ; L1
Starch Magnesium  Carotenoids  Clorophyllb ~ Chlorophylla  Dry matter S.0. V.
conductance df
0.005*" 29.18" 3561.88* 0.0068"" 0.0070* 0.146™ 0.099™ 41.18* 2 9
Genotypes
0.024* 91.4* 25137.58* 0.0075™ 0.041* 0.64* 0.58* 189.3* 3 S
Salinity
w P a; P d)?’ux"‘“?’)
0.00038 ™ 7.76™ 10667.04 0.001 0.006 0.062% 0.077" 7.88™ 6 Genotypes*Salini
ty
0.0005 3.7 550.51 0.000059 0.0019 0.0091 0.051 12.76 22 Eu”
rror
18.09 2.17 9.72 7.06 16.18 9.14 13.55 16.44 - ()%

Igime e ™ g o3 ) 50 Jlainl gaw I gxe cuiga g

T

* and ** in significant at the P<0.05 and P<0.01 levels respectively. ns not significant
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Table 2- Correlations cofficients between dry matter, chlorophyll a and b, carotenoids, magnesium, starch, RWC, and
stomatal conductance under salt stress
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RWC awlis (0 0 l.;'a..\.y‘,ﬁ,,lf b ‘}555)15 a‘}né”.ls Swis b
Stomatal Starch Magnesium Carotenoids Clorophyll b Chlorophyll a Dry matter
conductance g phy phy y
1 Sis oole
Dry matter
1 0.177 el
Chlorophyll a
1 0.805" 0.155 b Jds,ls
Clorophyll b
1 0.572 0.572 0.093
Carotenoids
1 0.031 -0.476"" -0.212 -0.238 rv’)w"
Magnesium
1 0.012 0.272 0.455" 0.311 0.170 ol
Starch
1 -0.00047 -0.544* -0.198 0.387*¢ 0.245 0.518* RWC
- slasey ol
1 0.505 0.399 -0.588" 0.444™ 0.666" 0.529* 0.33 Stomatal
i conductance

oy \ 50 e‘a.m)b)bsi.m Py Msj-*
* and ** in significant at the P<0.05 and P<0.01 levels respectively
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Table 3- Mean comparison of dry matter, chlorophyll a and b, carotenoids, magnesium, starch, RWC, and stomatal
conductance under salt stress in different Canola species

RWC sl o2 Baggide, s b by 5 a Jubo 5 Suid p3ko .
(*) Starch Magnesium v Chlorophyll b i slos
(mglg dry (percent) Cellcrtenmds‘f (mg/g (mglg fresh Chlorophyll_a Dry matter Treatment
weight) resh weight) weight) (mg/g fresh weight) (g/plant)

92.11 a 2454 cd 0.072 e 0.2 cd 0.97 cd 1.73 abcd 26.29 ab VIS1
91.83 a 2934  abc  0.079 de 0.26 bed 1.32 b 1.75 abed 2478  abc V1S2
86.33 b 3325 ab 0.106 bc 0.42 a 1.41 ab 2.03 ab 18.18  be V1S3
86.14 b 172.6 ef 0.108 bc 0.26 bed 0.92 de 1.58 abed 17.02  be V1S4
89.98 ab 135.5 f 0.118 b 0.17 d 0.89 de 1.35 cd 29.42 a V2S1
89.19 ab 246.9 cd 0.119 b 0.3 be 0.91 de 1.51 bed 22.81 abc V282
86.08 b 349.1 a 0.146 a 0.35 ab 1.19 be 1.94 abc 21.99 abc V283
85.71 b 186.6 ef 0.162 a 0.33 ab 0.69 e 1.58 abcd 19.39  be V254
92.26 a 186.6 ef 0.032 f 0.2 cd 0.99 cd 1.56 abcd 24.52  abc V3S1
90.15 ab 200.5 de 0.094 cd 0.27 bed 1.02 cd 1.71 abed 21.03 abc V3S2
89.92 ab 254.7 cd 0.124 b 0.3 be 1.59 a 2.14 a 18.59  be V3S3
86.25 b 290.3 bc 0.146 a 0.2 cd 0.7 e 1.2 d 16.66 c V3S§4
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Means in each column, followed by the same letters are not significantly different at the 1% probability level-using Duncan's
Multiple Range Test.
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Table 4- Mean comparison of different salinity levels interaction on stomatal conductance (cm.s™)

XIS X LS 050 il oy a3l gl Sy Cda dls o Slow
Late Flowering FLowering Flower initiation Early stem elongation 7 leaves stage  Treatment

0.15 a 0.2 a 0.22 b 0.12 a 0.25 a VIS1
0.06 cd 0.16 abc 0.18 bed 0.09 ab 0.22 ab V182
0.04 cd 0.16 abc 0.14 def 0.07 abcd 0.19 bc V1S3
0.07 cd 0.08 de 0.09 fg 0.05 bed 0.14 cde ViS4
0.09 bc 0.17 ab 0.21 bc 0.06 bed 0.18 bed V2S§1
0.04 cd 0.11 cde 0.16 cde 0.04 bed 0.15 cde V2S2
0.07 cd 0.11 cde 0.11 ef 0.03 cd 0.13 de V2S3
0.06 cd 0.07 de 0.03 h 0.02 d 0.11 e V254
0.13 ab 0.18 a 0.28 a 0.08 abc 0.18 bed V3S1
0.04 cd 0.12  bed 0.21 be 0.05 bed 0.17 bed V382
0.03 d 0.12  bed 0.14 def 0.03 cd 0.15 cde V383
0.04 cd 0.06 e 0.05 gh 0.02 d 0.13 de V354

(WJpone o) L3 S1 401 Yoo cig; V1

oS0 5055 S2 RGS0003 g5 V2

Yoo o 100 5)55  S3 b gy V3

Voo ko 150 5)08  S4
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Means in each column, followed by the same letters are not significantly different at the 1% probability level-using Duncan's
Multiple Range Test.
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Introduction

Salinity is one of the most important factors limiting crop production in arid and semiarid regions of the
world that affects crop yield. Salt tolerance of Brassica species are very complex due to genetic relationships.
Because of low erucic acid (less than 2% of total fatty acids) and glucosinolates contents (less than 3 pmol g™),
oil of Canola has many consumers around the world. Because Canola have tolerance potential against toxicity of
salinity and its minerals, its growth can be successful in saline condition. According to the recent ongoing
drought and the need to use low quality irrigation water for crops such as Canola, aim of this experiment was to
evaluate the effect of salinity on changes in carbon fixation process and photosynthetic pigments of three Canola
genotypes under salinity as well as determine most salt tolerant genotype for use in saline regions.

Material and Methods

An experiment was conducted in the greenhouse of Shahid Chamran University during 2007-2008 growing
season in factorial test based on a completely randomized design with four replications. The first factor
(genotype) included Hayola 401, RGS0003 and Shiraly and the second factor (salinity levels) had four levels of
salinity (50, 100 and 150 mM NacCl) as well as distilled water as a control. Sources of salinity were NaCl and
CaCl, with equal ratio as most resembles to lower water quality resources in the region. Date and time of stress
were considered four weeks after planting (four-leaf stage). A Stepped irrigation method using saline water was
done every 12 days over three steps period. To perform this study 10 liters volume pots were used. Three pots
per each treatment, and totally 144 pots were used. SAS (version 9.1), Excel and MSTAT-C software's was used
for statistical analysis. The comparison of means was done by Duncan method.

Results and Discussion

The results showed that content of chlorophyll a, b and carotenoids in all three genotypes increased to 100
mM, while decreased at 150 mM. Health and invulnerability of main photosynthetic pigments at 100 mM NacCl,
can be considered as an important reason for salt tolerance in the evaluated canola cultivars. Reducing the
absorption of water due to stress caused by salinity reduced nutrient uptake. Toxicity of chlorine and sodium also
leads to inhibition of plant growth and dry matter. Magnesium concentration raised with increasing salinity
compared to control. It seems that the magnesium concentration in stomatal guard cells decreased osmotic
potential and play a role in the biosynthesis of organic compounds such as glutamic acid. So, despite ABA-
induced stomatal closure, the stomatal openings, even in small amounts remain photosynthesis activities.
Probably, magnesium has a key role in the continuing photosynthesis of Canola under salinity. The leaf starch in
the genotype Shiraly significantly increased to 150 mM salinity level. Reduction of starch in high levels of salt
stress interferes with enzymes efficiency involved in the starch biosynthesis, such as starch synthase and ADP-
glucose pyrophosphorylase. The trend of variation in stomatal conductance was similar to 50 mM in the early
flowering, but a sharp decrease was observed at late flowering compare to control. When stress started on the
four-leaf stage, the plant for some time kept stomatal conductance at maximum level, but continuation stress
period led to close stomata. Thus, reducing the amount of leaf relative water content can be considered as the
reason of different stomatal conductance among the different levels of salt stress. A significant positive
correlation between relative water content and stomatal conductance confirms this results. On the other hand to
avoid stress and better use of the limited amount of available water, the plants closed stomata to prevent more
water loss.
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Conclusions

It seems that genotype Shiraly using some mechanisms to avoid stress, such as maintaining relative water
content, as well as increase the content of chlorophyll a and b up to 100 mM. Moreover, the concentration of
magnesium up to 150 mM, has endured salinity.
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