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mstract- A laboratorial experiment was carried out at Bani-Sueif Seed Testing Laboratory during the period of October and Novem&
2011 to investigate the effect of NaCl priming on seed germination and seedling growth of some canola cultivars i.e. Serw 4, Serw 10,
Pactol and Line 51-El Serw. Canola seeds were primed with 1% NaCl solution for 24 hours, at 20°C. Then primed and non-primed seeds
were irrigated with seven different saline solutions consisted of 0, 0.25, 0.50, 0.75, 1.00, 1.25 and 1.50% concentrations of NaCl. Results
showed a significant effect of studied canola cultivars on means of final germination percentage (FGP %), germination index (Gl), seed-
ling vigor index (SVI), plumula length (cm), radical length (cm), seedling fresh weight (g), seedling dry weight (g), and seedling height
reduction (SHR %). Line 51-El-serw significantly exceeded other studied cultivars in (FGP, GI, SVI, plumula length, radical length and
seedling dry weight). While, Serw 4 and Serw 10 cultivars significantly exceeded the other studied cultivars in seedling fresh weight and
seedling height reduction %. Results showed a significant effect due to seed priming on averages of FGP, GI, SVI, plumula length, radical
length, seedling fresh weight, seedling dry weight, RDW and SHR% comparing with non-seed priming. Increasing salinity concentrations
from 0 to 1.75% NaCl significantly decreased all studied characters except SHR was increased with increasing salinity concentrations. It
could be concluded that priming line 51-El-serw seed with 1% NaCl and increasing salinity concentration up to 0.75% NaCl maximizing
seed germination parameters and seedling characters. It is very important to use line 51-El Serw and pactol cultivar in breeding program
for enhancing canola production in saline soil in Egypt.
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Introduction

In order to reduce the gap between oil production and its consump-
tion which reach 10% from our production only. Canola (Brassica
napus L.) is a Canadian trademark for varieties of rapeseed with
low content of two undesirable constituents namely, erucic acid in
the seed and glycosinolate in the meal. It is one of the most im-
portant annual oil and protein crops in temperate climates. Seed
provides oil both for industrial and culinary drives to production
margarine, or serves as source to produce bio-diesel fuel [1]. The
cultivated area of canola in Egypt is relatively small due to the
strong competition between canola and other strategic winter sea-
son crops on the limited arable land in Nile Valley and Delta. Culti-
vation of canola in Egypt may provide an opportunity to overcome
some of the local deficit of vegetable edible oil production, particu-
larly it could be successfully grown during winter season in newly
reclaimed land outside the Nile valley soils to get around the com-
petition with other crops engaged the old cultivated area [2].
Ghassemi and Ponr [3] found that the germination percentage and
dry weight of seedling were significantly affected by canola culti-

vars (Talayeh and Okapi). Similar conclusions were reported by
Bybordi and Tabatabaei [4,5].

Seed priming is one of the physiological methods which improves
seed performance and provides faster and synchronized germina-
tion. Seed priming with NaCl could be used as an adaptation meth-
od to improve salt tolerance of seeds. Bybordi and Tabatabaei [4]
indicated that all priming treatments were effective in improving
germination percentage as compared to control. Maximum root
and shoot lengths were recorded in hydro primed seeds. Ashraf
and Foolad [6] pointed out that priming allows seed hydration to
initiate the early events of germination, but not permit radicle,
emergence, followed by drying to initiate moisture. Seed priming is
one of the physiological methods, which improves seed perfor-
mance and provides faster and synchronized germination. Far-
houdi and Sharifzadeh [7] found that total emergence and dry
weight were higher in canola seedlings derived from primed seeds
and they emerged earlier than non-primed seeds. Mohammadi [8]
and Heshmat, et al. [10] concluded that NaCl priming increased
germination percentage, germination index, seedling vigor index
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shoot and root length and seedling dry weight, as compared with
non-primed seeds.

Salinization is one of the most important factors affecting agricul-
tural land in arid and semi-arid regions in the world, that sustaina-
bility reduces the yield of major crops by more than 50%. Salinity is
one of the most serious factors limiting crops production [11-12].
The major constraint to seed germination and seedling establish-
ment of canola is soil salinity that is a common problem in re-
claimed soil in Egypt. Speed germination and seedling growth
stages are known to be more sensitive to salinity [13]. Almansouri
[14] reported that salt and osmotic stresses are responsible for
both inhibition or delayed seed germination and seeding establish-
ment. Under these stresses there is a decrease in water uptake
during imbibition's and further more salt stress may cause exces-
sive uptake of ions. Annon [15] and Houle, et al. [16] reported that
canola has been classified as moderate tolerant together with
wheat and barley, which means that when canola is grown in medi-
um with a root-zone EC of 4-8 dSm-1 it will produce at least 50% of
its normal yield. Puppala, et al. [17] found that final germination %
were reduce to less 60% when salinity levels of EC 16 dSm-! and
more were used. Both canola and wheat can be classified as high-
ly tolerant to salinity when germination response is used as an
indicator. Similar conclusions were reported by [18-19]. Bybordi
and Tabatabaei [4], Mohammadi [8], Zadeh and Naeni [12], Bay-
bordi [20] found that the final germination percentage, germination
index, seedling vigor index, seedling growth and distance between
the root hairs and root tips were decreased by salt solutions, espe-
cially by increasing salinity concentration at 12 dSm-! treatment.
However, these parameters were increased by 3 dSm-' concentra-
tion.

Regarding to the interactions effect, Houle, et al. [16] concluded
that there is a significant variation in seed germination among can-
ola cultivars grown under salinity condition. Similar conclusions
were reported by Mwale, et al. [21]. Saeid, et al. [22] reported that
RJ5003 cultivar had the least and opera cultivar the most. RJ5003
and opera cultivars had the highest and the lowest germination
rate compared with other three cultivars, respectively. The control
seed priming under distil water had the highest root length. Opera
cultivar had the highest stem length. Ghassemi, et al. [23] showed
that seed priming x cultivar interaction was only significant for
seedling dry weight at the 1% level of probability. Analysis of vari-
ance of the field experiment data showed that the interaction of salt
priming x cultivar was only significant for grains per plant. Howev-
er, the other interactions of treatments were not significant for any
traits. Baybordi [20] and Zamani S., et al [24] found similar results.

Objectives

This investigation was aimed to evaluate the effect of seed priming
with 1% NaCl, salinity stress of some canola cultivars on germina-
tion parameters and seedling characters, as well as interaction
effects between studied factors.

Materials and Methods

A laboratory experiment was conducted at Bani-Sueif Seeds Test-
ing Laboratory Station of Central Administration for seeds Certifi-
cate (CASC), Ministry of Agriculture, Egypt, during October and
November 2011. The aim of this investigation study the effect of

salt stress on seed germination and seedling properties under
primed and non-primed canola seeds (Brassica napus L.).

Treatments and Experimental Design

The experiment was arranged in factorial experimental with three
factor in Randomized Complete Block Design (RCBD) with four
replications. The first factor includes priming seeds in 1% NaCl
solution and non-priming, where, the same size of canola seeds
were primed with 1% Nacl solution for twenty four hours at 20°C.
After priming, seeds were put in a wire mesk strainer washed with
tap water for 5 minutes and then rinsed with distilled water. Follow-
ing this, seeds were dried between two filter papers. Non-primed
seeds were only, rinsed with distilled water. The second factor
includes four spring canola cultivars i.e. Serw 4, Serw 10, Pactol,
Line51 El-Serw. Cultivars were collected from EL Serw Research
Station, Oil crops Department, Agricultural Research Center,
Egypt. The third factor includes eight salinity concentrations of
NaCl as follows: 0 (control), 0.25, 0.50, 0.75, 1.00, 1.25, 1.50 and
1.75% NaCl.

Primed and non-primed seeds were transferred in 9 cm glass petri
dishes on a layer of filter paper. Twenty five seeds were placed in
each petri dish, the petri dishes were wetted with different saline
solutions. The dishes were labeled and placed in a germinator at
20£1°C under dark conditions. The papers belong to each dish
were replaced every two days to prevent accumulation of salt
[25,26].

Studied Characteristics

Random sample were sown on top filter paper in sterilized Petri-
dishes (14-cm diameter). Each Petri-dish contained 25 seeds, and
four Petri-dishes kept close together and incubated at 20°C and
100% relative humidity, then four replications were used to evalu-
ate every seed test done on each treatment as the rules of Interna-
tional Seed Testing Association.

Final Germination Percentage (FGP)- It was measured by the
percentage of seed germinating normally after twelve days by the
following formula [27,28]:

Numberof NormalSeedlings
Numberof Seeds

FGP= %100

Germination Index (Gl)- It was calculated using the following

equation [29]:

Gle Germination Percentage in Each Treatment
Germination Percentage in the Control

Seedling Vigor Index (SVI)- It was calculated using the following
equations [30]:

SVI = (Average Pumula Length+ Average Radical Length)
x Germinatio n Percentage

Shoot Length (cm)- It was determined from 10 normal seedlings
taken by random per each replicate at the end of standard germi-
nation test.

Root Length (cm)- It was determined from 10 normal seedlings
taken by random per each replicate at the end of standard germi-
nation test.
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Seedling Fresh Weight- Shoot and root portions of averages 10
normal seedlings at random per replicate, were determined, ex-
pressed as grams.

Seedling Dry Weight- Shoot and root portions of averages 10
normal seedlings at random per replicate, were dried in a forced air
oven at 70°C to a constant weight and weights thereafter, dry
weight recorded and expressed as grams.

Seedling Height Reduction (SHR)- The seedling height reduction
(SHR) was calculated using the following equation [31]:

Plant Hight at Control—Plant Hight at Saline Condition N
Plant Hight at Saline Condition

SHR % = 100

Relative Dry Weight (RDW)- The relative dry weight (RDW) was
calculated according to [31] using the following equation:
Total Dry Weight Under Saline Condition »
Total Dry Weight Under Control Condition

RDW % =

Statistical Analysis

All obtained data were statistically analyzed according to the tech-
nique of analysis of variance (ANOVA) for the factorial experiment
with three factor in randomized complete block design (RCBD) with
four replications as published by Gomez and Gomez [32] by using
means of “MSTAT-C” computer software package. Least Signifi-
cant Difference (LSD) method was used to test the differences
between treatment means at 5 and 1% level of probability as de-
scribed [33].

Results and Discussion
Cultivars Performance

The results showed a significant effect of studied canola cultivars
on the means of FGP, GI, SVI, plumula length, radical length, fresh
weight, dry weight, RDW% and SHR% [Table-1]. Results revealed
that Line 51 El-Serw significantly exceeded other studied cultivars
in FGP. It could be concluded that Line 51 El-Serw is more the
best in germination parameters than other studied cultivars. Line
51 El-Serw significantly exceeded other studied cultivars in Gl%
followed by Pactol and Serw 4 cultivars without significant differ-
ences between them. While, Serw 10 produced the lowest Gl%.
Moreover, Line 51 EI-Serw significantly surpassed other studied
cultivars in SVI followed by Pactol cultivar. While, Serw 10 cultivar
produced the minimum SVI. Line 51 El-Serw significantly exceeded
other studied cultivars in plumula length. Plumula length of Line 51
El-Serw surpassed Serw 10 cultivar by 8.6%, Pactol cultivar by
9.3% and Serw 4 by 14.7%. Line 51 EI-Serw was recorded longest
radical length, whereas Serw 10 cultivar produced the shortest
radical. Line 51 El-Serw surpassed Pactol cultivar by 7.6%, Serw 4
cultivar by 9.1% and Serw 10 by 16.4% in radical length. The dif-
ferences in germination parameters may be due to the genetical
factors and heredity variation among studied canola cultivars. Serw
4 cultivar significantly exceeded the other studied cultivars in seed-
ling fresh weight. Serw 4 cultivar surpassed Serw 10 cultivar by
8.5%, Line 51 EI-Serw by 9.3% and Pactol cultivar by 16.9% in
seedling fresh weight. Line 51 EI-Serw exceeded other cultivars in
seedling dry weight followed by Pactol cultivar. Whereas, Serw 4
and Serw 10 recorded the lowest weight of seedling dry weight.
There were no significant differences in RDW% among all studied

canola cultivars. Serw 10 cultivar significantly exceeded other stud-
ied cultivars in SHR%, which was 66.8% followed by Serw 4 and
Pactol cultivars, which were 65.6 and 64.6%, respectively without
significant differences between them. While, Line 51 EI-Serw pro-
duced the lowest SHR% which was 61.5%. Ghassemi, et al. [23]
found that germination percentage and seedling dry weight were
significantly affected by canola cultivars. These results are in good
accordance with those obtained by Bybordi and Tabatabaei [4]
Mohammadi and Amiri [5].

Effect of Seed Priming in NaCl

Regarding to seed priming effects, results clearly showed that a
significant effect on the averages of FGP, GlI%, SVI, plumula
length, radical length, seedling fresh weight, seedling dry weight,
RDW% and SHR% [Table-1]. It could be stated that seed priming
surpassed non-priming by 17.1, 16.2, 35.9, 31.8, 27.9, 25.8, 14.6,
10.2% in FGP, GlI, SVI, plumula length, radical length, seedling
fresh weight, seedling dry weight, RDW%, respectively. Highest
averages of SHR% was obtained from non-priming canola seeds.
Seedling height reduction percentage increased with non-priming
canola seeds in NaCl. Ghassemi and Ponr [3] reported that seed
priming is a pre-sowing strategy for improving seedling establish-
ment by modulating pre-germination metabolic activity prior to
emergence of the radical and generally enhances germination rate
and plant performance. During priming, the embryo expands and
compresses the endosperm [34]. NaCl priming has a notable bene-
ficial effect on seed performance of canola under salinity condition
[8]. Significant improvement in radical length may be attributed to
earlier germination induced by primed over non-primed seeds [35],
which resulted in vigorous seedlings with more root length than the
seedlings from non-primed seeds. Farhoudi and Sharifzadeh [7]
reported that NaCl priming enhanced proline accumulation in cano-
la seedlings and seeds could be used to increase salt tolerance of
seedlings. Seed priming improved seedling fresh weight might be
due to increased cell division within the apical meristem of seedling
roots, which cause an increase in plant growth [36]. These results
are in good accordance with results of some researchers [7-10].

Salinity Stress Effects

Salt stress declined the germination and also delayed the emer-
gence of canola seeds and significantly affected average of final
germination percentage (FGP), germination index % (Gl), seedling
vigor index (SVI), plumula length (cm), radical length (cm), seed-
ling fresh weight (g), seedling dry weight (g), relative dry weight
(RDW%) and seedling height reduction (SHR%) as presented in
[Table-1]. Highest average of final germination percentage, germi-
nation index, seedling vigor index, plumula length, radical length,
seedling seedling fresh weight, seedling dry weight and relative
seedling dry weight (%) were produced with the control treatment.
Highest salinity concentration i.e. 1.75% NaCl produced the lowest
averages of these characters. Results indicated that increasing
salinity concentrations from 0 to 1.75% NaCl significantly caused
decrease in germination percentage. Highest germination percent-
age was recorded with the control treatment followed by 0.25, 0.50,
0.75, 1.0, 1.25, 1.5 and 1.75% NaCl concentrations, which record-
ed 95.9, 91.9, 89.1, 74.6, 59.4, 45.3, 25.5 and 5.6%, respectively.
Highest germination index was recorded from the control treat-
ment, which was (100%). Highest salinity concentration i.e. 1.75%
NaCl recorded the lowest germination index, which was 5.7%.
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Increasing salinity concentrations from 0 to 1.75% NaCl gradually
decreased seedling vigor index. Highest values of seedling vigor
index (1444.1) was recorded with the control treatment. The lowest
seedling vigor index was recorded from highest salinity concentra-
tion i.e.1.75% NaCl, which was 2.9. Jamil, et al. [37] reported that
salinity caused significant reduction in germination percentage,
germination rate, root and shoot lengths and fresh root and shoot
weights. Salt induced inhibition of seed germination could be at-
tributed to osmotic stress or to specific ion toxicity [38]. Germina-
tion percentage also significantly decreased as the level of salinity
of the medium increased [39]. The toxic effect of sodium at high
salt levels and physical damage to roots decreased their ability to
absorb water and nutrient which caused marked reduction in pho-
tosynthesis, enzymatic process and protein synthesis [40]. The
longest plumula (5.04 cm) produced from the control treatment.
The highest salinity levels i.e. 1.75% NaCl produced the shortest
plumula (0.05 cm). It could be stated that increasing salinity levels
from 0.25, 0.50, 0.75, 1.00, 1.25, 1.50 and 1.75% NaCl reduced
plumule length by 22.5, 42.2, 61.3, 76.2, 86.3 and 92.1%, respec-
tively compared with the control treatment. The results clearly indi-
cated that the longest radical (10.0 cm) produced from the control
treatment compared with the other salinity concentrations. Where-
as, the highest salinity concentration i.e. 1.75% NaCl produced the
shortest radical length (0.31cm). Increasing salinity levels from
0.25, 0.50, 0.75, 1.00, 1.25, 1.50 and 1.75% NaCl reduced radical
length by 29.3, 59.0, 77.1, 85.8, 92.5 and 96.9%, respectively com-
pared with the control treatment. The results revealed that increas-
ing salinity concentration from 0 to 1.25% NaCl gradually signifi-
cantly decreased seedling fresh weight. It could be stated that
increasing salinity levels from 0.25, 0.50, 0.75, 1.00, 1.25, 1.50 and
1.75% NaCl reduced seedling fresh weight by 16.1, 33.4, 56.3,
77.2, 88.2 and 100.0%, respectively compared with the control
treatment. Increasing salinity stress from 0 to 1.25% NaCl gradual-

ly significantly decreased dry weight. It could be concluded that
increasing salinity levels from 0.25, 0.50, 0.75, 1.00, 1.25, 1.50 and
1.75% NaCl reduced seedling dry weight by 9.6, 22.9, 49.4, 69.9,
80.7 and 100.0%, respectively compared with the control treat-
ment. The results clearly showed that highest relative dry weight
percentage (100%) was obtained from the control treatment com-
pared other salinity concentration. Increasing salinity levels from
0.25, 0.50, 0.75, 1.00, 1.25, and 1.50 NaCl reduced seedling fresh
weight by 89.7, 75.5, 49.9, 29.9 and 19.1%, respectively compared
with the control treatment. Increasing salinity concentrations at
1.75% NaCl recorded the lowest relative dry weight percentage
(0.00%). Increasing salinity levels from 0.25, 0.50, 0.75, 1.00, 1.25,
1.50 and 1.75% NaCl reduced seedling height reduction by 29.1,
445, 66.4, 80.6, 88.3,93.6 and 98.0%, respectively compared with
the control treatment. The control treatment recorded the lowest
percentage of seedling height reduction, which was 16.5%. It could
be noticed that seedling height reduction increased with salinity
levels. Inhibition of plant growth i.e. root and shoot length, fresh
root and shoot weight by salinity may be due to the inhibitory effect
of ions. The reduction in root and shoot development may be due
to toxic effects of the NaCl used as well as unbalanced nutrient
uptake by the seedlings. It may be due to the ability of the root
system to control entry of ions to the shoot is of crucial importance
to plant survival in the presence of NaCl [41]. Root and shoot
lengths are important parameters for salt stress because roots are
in direct contact with soil and absorb water from soil and shoot
supply it to the rest of the plant. For this reason, root and shoot
length provides an important clue to the response of plants to salt
stress [42]. Zhu [43] pointed out that adverse effects of salinity on
plant growth may also be due to ion cytotoxicity and/or osmotic
stress, which cause ionic imbalances, oxidative and osmotic stress
and nutritional deficiencies. These results in agreement with those
obtained by several researchers [4,8,12,19,20].

Table 1- Averages of final germination percentage (%), germination index, vigor index, plumula length, radical length, seedling fresh weight,
seedling dry weight, seedling height reduction and relative dry weight as affected by canola studied cultivars.
Final germination Germination ~ Seedling Plumula length Radical length Seedling fresh Seedlingdry Relative dry Seedling height

Characters

Treatments percentage (%)  index (%)  vigor index (cm) (cm) weight (g) weight (g)  weight (%) reduction (%)
A-Cultivars Performance

Serw 4 60.5 63.03 5271 1.88 4.31 0.599 0.034 453 65.6
Serw 10 58.19 61.16 497.8 2.01 3.96 0.548 0.037 46.7 66.8
Pactol 61.25 63.44 5494 1.99 4.38 0.498 0.039 45.1 64.6
Line 51-El Serw 63.69 65.16 603.8 2.2 474 0.543 0.041 45 615
F_ teSt *k % *k *k *k *k *k NS *k
LSD at 5% 1.19 1.49 211 0.13 0.12 0.013 0.002 - 1.1
LSD at 1% 1.56 1.96 27.7 0.17 0.18 0.31 0.003 - 14
Priming in NaCl 66.59 68.75 645.3 24 5.05 0.628 0.041 48 58.6
Non-priming 55.22 57.64 4437 1.64 3.63 0.466 0.035 431 707
F‘ test *k ** *k *k *% *k *% *k *k
Control 0.00 (%) NaCl 95.88 100 14441 5.14 10 1.331 0.083 100 16.5
0.25 (%) NaCl 91.89 95.4 1178 3.91 8.85 1.117 0.075 89.7 29.1
0.50 (%) NaCl 89.13 925 897.9 2.91 7.08 0.887 0.64 755 445
0.75 (%) NaCl 74.63 77.2 468.7 1.95 4.1 0.582 0.042 499 66.4
1.00 (%) NaCl 59.38 615 220.9 1.2 2.29 0.303 0.025 29.9 80.6
1.25 (%) NaCl 45.25 46.5 109.6 0.69 142 0.157 0.016 19.1 88.3
1.50 (%) NaCl 255 26.8 342 04 0.75 0 0 0 93.6
1.75 (%) NaCl 563 5.7 29 0.05 0.31 0 0 0 98
F. test *k *% *k *k *% k% *% k% *k
LSD at 5% 1.69 21 29.8 0.18 0.19 0.032 0.003 3 15
LSD at 1% 2.21 2.8 39.2 0.24 0.26 0.042 0.004 39 2
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Interaction Effects
Interaction Between Cultivars and Seed Priming Effects

It is clear that all cultivars seed primed under study produced tall-
est radical than did not primed seed. It could be stated that the
tallest radical was obtained from Line 51 EI-Serw cultivar with seed
priming in NaCl. Shortest radical was recorded from Serw 10 culti-
var with non-priming seeds [Fig-1].
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Fig. 1- Radical length (cm) as affected by the interaction between
seed priming in 1% NaCl and canola cultivars.

It is clear that all cultivars seed primed under study produced high-
est seedling fresh weight than did not primed seed. Highest seed-
ling fresh weight was recorded from Line 51 El-Serw and Serw 4
cultivars with seed priming in NaCl solution without significant dif-
ferences between them. The lowest seedling fresh weight was
produced from Pactol cultivar with non-seed priming in NaCl solu-
tion [Fig-2].

- - % - - Priming in NaCl — 4O — Non-Priming

1.0 ‘
0.9

0.8
807
-
=]
206
] (v

Eo.s -

204 e T

=
@ =
& 0.3 LSD5%= 0.032

0.2 1SD1%=0

0.1

0.0

Serw 4 Serw 10 Pactol Line 51 E1-Serw

Fig. 2- Seedling fresh weight (g) as affected by interaction between
canola cultivars and seed priming in 1% NaCl.

It is clear that all cultivars seed primed under study produced high-
est seedling dry weight than did not primed seed. Highest seedling
dry weight was resulted from seed priming of Line 51 El_Serw,
Pactol and Serw 4 cultivars with seed priming without significant
differences between them. The lowest seedling dry weight was
recorded from non-seed priming of Serw 4, Pactol and Serw 10
cultivars in NaCl solution without significant differences between
them [Fig-3]. These results in good agreement with those obtained
by Saeid, et al. [22].
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Fig. 3- Seedling dry weight (g) as affected by the interaction be-
tween seed priming in 1% NaCl and canola cultivars.

Interaction Between Cultivars and Salinity Levels Effects

It is clear that under all studied cultivars increasing salinity concen-
trations significantly decreased seedling vigor index, radical length,
seedling fresh weight and increased seedling height reduction.
Highest seedling vigor index was resulted from Line 51 EI-Serw
cultivar at the control treatment. The lowest seedling vigor index
was recorded from Serw 10 cultivar at salinity level of 1.75% NaCl
[Fig-4]. Tallest radical was recorded from Line 51 El-Serw at the
control treatment and the shortest radical was obtained from all
studied cultivars at highest salinity levels i.e. 1.75% NaCl, without
significant differences between them [Fig-5]. Highest seedling fresh
weight was resulted from sown Serw 4 cultivar at the control treat-
ment. Increasing salinity levels to i.e. 1.25% NaCl with sown
Pactol, Line 51 EI-Serw, Serw 10 and Serw 4 cultivars are record-
ed the lowest seedling fresh weight without significant differences
between them [Fig-6]. The highest salinity level of 1.50 and 1.75%
NaCl recorded lowest seedling fresh weight under all studied culti-
vars. Highest percentage of seedling height reduction was resulted
from Serw 10, Serw 4, Pactol and Line 51 El-Serw cultivars with
highest salinity levels of 1.75% NaCl treatment without significant
differences between them. The lowest percentage of seedling
height reduction was resulted from Line 51 El-Serw cultivar with
the control treatment [Fig-7]. These results are in good agreement
with those obtained by [4,16,20,23].

1800 4 ‘ .- 4 --Serwd — O — Serw10 —#— Pactol ——Line 51 El Serw
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Fig. 4- Average of seedling vigor index as affected by the interac-
tion between canola cultivars and salinity concentrations.
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Fig. 5- Radical length (cm) )as affected by the interaction between
canola cultivars and salinity concentrations.
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Fig. 6- Seedling fresh weight (g) as affected by the interaction
between canola cultivars and salinity concentrations.
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Fig. 7- Average of seedlings height reduction (%) as affected by
the interaction between canola cultivars and salinity concentrations

Interaction Between Seed Priming and Salinity Levels Effects

The results clearly showed that highest final germination percent-
age was recorded with seed priming in NaCl at the control treat-
ment, which was (96.8%). The lowest final germination percentage
was recorded with non-priming seeds at salinity concentration
levels of 1.75% NaCl [Fig-8]. The results clearly showed that high-
est germination index was obtained from the control treatment with
priming and non-priming seeds.
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Fig. 8- Germination percentage(%) as affected by the interaction
between seed priming in 1% NaCl % and salinity concentrations.

The lowest germination index percentage was recorded with non-
priming seeds at salinity level of 1.75% NaCl [Fig-9].
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Fig. 9- Germination index (%) as affected by the interaction be-
tween seed priming in 1% NaCl and salinity concentrations.

Results reported the highest seedling vigor index was recorded
with priming canola seeds in NaCl at the control treatment. The
lowest seedling vigor index was recorded with non-seed priming at
salinity level of 1.75% NaCl [Fig-10].
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Fig. 10- Average of seedling vigor index as affected by the interac-
tion between seed priming in 1% NaCl and salinity concentrations.

Tallest plumula was obtained with seed priming in NaCl at the
control treatment of salinity stress. The shortest plumula was rec-
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orded with non-seed priming with highest level of salinity i.e. 1.75%
NaCl [Fig-11].
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Fig. 11- Plumula length (cm) as affected by the interaction be-
tween seed priming in 1% NaCl and salinity concentrations.

Tallest radical was recorded with seed priming canola seeds in
1.0% NaCl solution with the control treatment. Shortest radical was
resulted with non-seed priming with highest levels of salinity 1.75%
NaCl [Fig-12].
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Fig. 12- Radical length (cm) as affected by the interaction between
seed priming in 1% NaCl and salinity concentrations.

The highest salinity level i.e.1.50 and 1.75% NaCl recorded the
lowest of seedling fresh weight with seed priming and non-priming
[Fig-13].
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Fig. 13- Seedling fresh weight (g) as affected by interaction be-
tween seed priming in 1% NaCl and salinity concentrations.

Highest seedling dry weight was obtained with seed priming and
non-priming with the control treatments without significant differ-
ences between them. The lowest seedling dry weight was recordrd
with highest salinity concentration of 1.25% NaCl with non-seed
priming [Fig-14].
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Fig. 14- Seedling dry weight (g) as affected by the interaction be-
tween seed priming in 1% NaCl and salinity concentrations.

Highest relative dry weight percentage was obtained with the con-
trol treatment with both seed priming and non-priming. The lowest
relative dry weight percentage was recorded with seed priming and
non-priming with highest salinity concentrations i.e. 1.50 and
1.75% NaCl [Fig-15].
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Fig. 15- Relative dry weight (%) as affected by the interaction be-
tween seed priming in 1% NaCl and salinity concentrations.
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Fig. 16- Average of seedlings height reduction (%) as affected by
the interaction between seed priming in 1% NaCl and salinity con-
centrations.
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Highest seedling height reduction percentage was obtained from
salinity concentration of 1.75% NaCl with non-seed priming. Seed
priming of canola with the control treatment was produced the
lowest seedling height reduction percentage [Fig-16]. These results
are in good harmony with obtained by Mohammadi G.R. [8].

Interaction Between Cultivars x Seed Priming x Salinity Levels
Effects

It is clear that under all studied cultivars with seed priming and
decreasing salinity concentrations significantly increased seedling
fresh and dry weight and decreased seedling height reduction. It
could be stated that highest seedling fresh weight was resulted
from Serw 4 and Serw 10 cultivars with seed priming in NaCl with
the control treatment without significant differences between them.
Increasing salinity concentration up to 1.25% NaCl with all studied
cultivars with non-seed priming in NaCl was produced the lowest
seedling fresh weight without significant differences between them
[Fig-17]. Results clearly showed that highest percentages of seed-
ling height reduction was resulted from all studied canola cultivars
with seed priming and non-seed priming at highest salinity level of
1.75% NaCl. The lowest seedling height reduction percentages
was obtained from Line 51 EI-Serw cultivar with seed priming with
the control treatment [Fig-18]. Similar conclusions were reported by
[21].
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Fig. 17- Seedling fresh weight (g) as affected by the interaction
between seed priming in 1% NaCl canola cultivars and salinity

concentrations.
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Fig. 18- Average of seedlings height reduction (%) as affected by
the interaction between seed priming in 1% NaCl, canola cultivars
and salinity concentrations.

Conclusion

This study was revealed that for maximizing germination measure-
ments and seedling parameters under salinity stress, it should be
priming canola seeds in 1% NaCl solution for twenty four hours at
20°C, using Line 51 EI-Serw with increasing salinity concentration
up to 1.25% NaCl. Tolerance ranking cultivars was Line 51 EI-Serw
> Pactol > Serw 4 > Serw 10. It is important to use these cultivars
in breading program for enhancing canola production in Egypt.
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