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Extended Abstract

Background: Germination is a sensitive process for plant growth and achieving optimal
performance. Environmental stresses, including salinity, are the most important limiting factors
of plant production, and humans are forced to deal with these stresses through various
management practices. Rapeseed (Brassica napus L.), one of the most important oil plants, is
relatively tolerant to salinity and is the best choice for saline and sodium soils, so that its
resistance to salinity is equal to that of barley. Rapeseed cultivars tolerate salinity of slightly
more than 7 dS/m. However, this plant, like most other crops, is sensitive to salinity in the initial
stage of seedling establishment. Although the seeds of canola genotypes show different abilities
to maintain their metabolic activities under saline conditions, germination and certain stages of
growth are more susceptible to damage due to salt stress. Therefore, it is essential to evaluate
salinity tolerance in the early stages of growth, especially germination. In this regard, the
present study was carried out to evaluate and select salinity-tolerant genotypes of different
Brassica species (Brassica spp.) in the germination stage.

Methods: In the present study, the salinity tolerance of 100 genotypes of five Brassica species
was evaluated using a factorial experiment based on a completely randomized design in three
replications. The first factor included Brassica genotypes (60 genotypes of B. napus L., 15
genotypes of B. nigra L., 15 genotypes of B. juncea L., 5 genotypes of B. rapa L., and 5
genotypes of B. carinata L.). The second factor was five levels of salinity with sodium chloride,
including zero (control), 5, 10, 15, and 20 dS/m. After disinfection with 1.5% sodium
hypochlorite, healthy seeds were transferred to sterile Petri dishes with a layer of Whatman
filter paper No. 1. The diameter of the Petri dishes used in this experiment was 8 cm, and each
Petri dish contained 25 seeds. After placing the seeds in Petri dishes, depending on the desired
treatments, 5 mL of distilled water or sodium chloride solutions with potentials of 5, 10, 15, and
20 dS/m were placed in a germinator at 22 ‘C, and the number of germinated seeds was counted
at 12-hour intervals until the number of germinated seeds was fixed. Traits such as length,
weight, and dry weights of roots, stems, and plants were measured after germination. Finally,
the beginning, end, and uniformity of germination, germination percentage, germination speed,
germination index, seedling length index, and allometric coefficient were calculated in different
treatments. After the experiment and data collection, cluster analysis was done at different
salinity levels using SPSS software (version 22) and the Ward’s method. Then, the best group of

genotypes was selected at each salinity level by analyzing the variance and comparing the mean
between the groups using the least significant difference (LSD) test at the 5% probability level.

Results: During the experiment, 20 genotypes were removed due to the low potential of some
genotypes, and data analysis was done for 80 genotypes. Based on the dendrograms obtained
from cluster analysis at salinity levels of zero, 5, and 15 dS/m, the studied genotypes were
divided into three groups and were placed into four groups at salinity levels of 10 and 20 dS/m.
In general, based on the comparison of the average between the groups resulting from the
cluster analysis, the first group at salinity levels of 0, 5, and 15 dS/m and the fourth group at
salinity levels of 10 and 20 dS/m were selected as the best groups. Then, variance analysis and
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mean comparison were performed between genotypes in the mentioned groups. Based on the
results of cluster analysis, comparing the average of the groups and the analysis of the
genotypes of the top groups, significant differences were observed between the genotypes in
most of the measured traits. As such, 15 genotypes (including codes 141, 306, 328, 336, 346,
367, 446, 483, 509, 517, 693, 767, 831, 850, and 860) at all investigated salinity levels were
always placed in the top group, and, therefore, they were selected as the superior genotypes of
brassicas.

Conclusion: In total, the results of this experiment showed that 15 out of all the investigated
genotypes were always placed in the top groups at all levels of salinity stress. Seven genotypes
of B. napus L., 6 genotypes of B. juncea L., and 2 genotypes of B. rapa L. were present among
the selected genotypes. There were no genotypes of B. nigra L. The results indicated that these
genotypes had a high ability to germinate and produce strong seedlings in both normal and
saline conditions and could be used for further studies and breeding programs. The genome of
the diploid species B. rapa L. is common to both allotetraploid species B. napus L. and B.
juncea L., but it is absent in the genome of the allotetraploid species B. carinata L. and the
diploid species B. nigra L. Accordingly, it can be concluded that the relative tolerance to
salinity stress in the Brassica genus originates from the genome of B. rapa L.
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Table 1. Characteristics of the genotypes used in the experiment

Gy, wlis S 465 pb sl Bl 3, el oS 45 el sl el
Row Code Species English name Row Code Species English name

1 100 napus Bronowski 51 375 napus Roska

2 116 napus Nugget 52 384 napus Tops

3 122 napus Liberator 53 388 napus Maliras

4 125 napus Ziho 54 390 napus Lergo

5 137 juncea Domol 55 395 napus Vestal

6 138 juncea Hei-Ye-mi-tou-gai 56 400 napus Hektor

7 141 juncea Zaria 57 404 napus Mary

8 148 nigra Alsaska 58 406 napus Tilde

9 151 nigra * 59 407 napus Nora

10 152 nigra Niro 60 408 napus Alku

11 153 nigra Sizaja 61 440 napus Pallas

12 154 nigra * 62 441 napus Bingo

13 155 nigra * 63 443 napus Ole

14 157 nigra * 64 444 napus Optima

15 158 nigra * 65 446 napus Star

16 159 nigra * 66 452 napus Margo

17 160 nigra * 67 453 napus Activ

18 162 nigra * 68 457 napus Sprinter

19 163 rapa Nabodo Lugo 69 460 napus Acrobat

20 166 rapa Asko 70 472 napus Britta

21 188 napus SW Sailor 71 483 napus Emerald

22 197 napus Alku 72 505 napus Nemercanskij 2268
23 198 napus Katarina 73 508 napus Primor

24 202 napus Ariel 74 509 napus R-33

25 203 napus Tri Top 75 517 napus SKR. II Kormovoi
26 223 rapa Svalof 0308 76 528 napus Jupiter

27 252 nigra Junius 77 533 napus Liquanta

28 253 nigra Giebra 78 565 napus Synra

29 254 nigra Senafich' (Amharic) 79 566 napus Tamara

30 256 nigra Senafich' (Amharic) 80 581 napus Groene Groninger Snijmoes
31 272 napus Brink 81 590 juncea BRA 436/64
32 277 napus SV Gulle 82 611 carinata Gommenzer
33 285 napus Scoop 83 622 carinata Gommenzer
34 289 napus Tokiwa 84 631 carinata Gommenzer
35 301 napus Barossa 85 639 carinata Gommenzer
36 306 napus ATR Banjo TT 86 640 carinata Gommenzer
37 308 napus Warrior CL 87 684 napus Nimbus

38 310 napus Flinders TTC 88 688 napus Delta

39 311 napus Barra 89 692 juncea China 1956:316
40 314 napus Cobbler 90 693 juncea Lethbridge 22A
41 315 napus Tarcoola 91 697 juncea Mike Aka Chirimen
42 316 napus AV-Garnet 92 755 napus Maxol

43 326 juncea Domo2 93 759 napus RGS003

44 328 juncea Burgonde 94 767 napus Savannah

45 331 juncea Ranniana 95 769 napus Cooper

46 336 juncea Heading 96 831 napus Pampa

47 346 juncea Li-Yang 97 841 napus Marnoo

48 355 Jjuncea Ndakaaupuka 98 850 rapa PGR 17644
49 363 Juncea Tsunga 99 860 rapa Tsao Yutunri
50 367 Juncea Ki Karashina 100 876 napus Hyola 420
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Figure 1. The dendogram resulting from hierarchical cluster analysis of Brassica genotypes under control conditions

(a) and salinity levels of 5 (b), 10 (c), 15 (d), and 20 (f) dS.m™! based on germination and seedling growth
characteristics using Ward’s method.
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Table 2. The discriminant function test for different salinity levels using Wilks’ Lambda
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Table 3. Intergroup comparison of germination and seedling growth traits of Brassica genotypes at different salinity

levels.
. ; ) s s ) Vbl A bl Cepo
) (e le) Jobo (pS ko) S pjg IV b ey, SIS Sl oy Siale Ao Sl
bogS Length (cm) Dry weight (mg) (+2p) Sile do Sl Times to 10%  Timesto 90% )
Groups Germination Rates t;y 50% G i 't" germination germination 290 )m =
p - = tage S 1o OU7% jermination - Germination
dddy, ddilo dddy,y dxdil pm’(és/zl) germination uniformity (csly) rate
Radicle Shoot Radicle Shoot (h) (Seed/day)
Fop o gwd yo (§)9 g
Salinity level of 0 dS.m’!
1 6.07a 5.07b 0.95* 2.522 97.36a 0.0382* 16.62¢ 19.57° 36.20° 9.13*
I 6.67* 5.720 0.77* 2.382 84.18° 0.0342° 21.95° 21.56* 43.52° 7.20°
I 7.28% 6.74° 0.95a 2.632 70.42¢ 0.0340° 39.86* 19.82° 59.69° 5.97¢
Lﬁ)bgf—“ ns *k ns ns *k ok ok Hok sk sk
Significance
Foppiojed B )98 ghaw
Salinity level of 5 dS.m’!
I 8.13% 6.20° 0.90° 2.80° 9435¢ 0.034° 18.88¢ 21.77° 40.65° 8117
11 8.89° 7.62° 0.79° 2.69° 72.00¢ 0.030° 23.29° 23.75° 61.10° 5.59¢
111 8.042 6.35° 0.69° 2.36° 78.59° 0.031° 37.35° 23.442 46.74° 6.30°
tﬁ)bu;"‘ ns * ns ns wok *x *x ok o *x
Significance
Foppdosjed V1 ()98 pdaw
Salinity level of 10 dS.m™!
1 7.89* 5.87* 0.69* 2.821* 78.66° 0.029* 24.97° 25.224% 50.19° 5.87°
11 7.64* 6.03* 0.75* 2.824* 64.28° 0.030* 22.80° 25.226% 48.03%¢ 4.95¢
111 6.36* 5.17* 0.82* 2.435* 65.00° 0.026 44.73* 27.297* 72.02* 4.86°
v 7.39* 4/93* 0.80* 2.804* 94.13* 0.031* 20.49° 23.766° 44.26° 7.57*
LS)‘%;““ ns ns ns ns ok *ok *ok * *F *F
Significant
S peinjpd VO (89 gdaw
Salinity level of 15 dS.m™!
I 5.887 4.06™ 0.737 3.05° 890.837 0.293° 23.03° 25.20° 4823° 6.76
11 5.720 447 0.67%® 2.97%® 74.13° 0.025° 24.59° 30.27° 54.87° 4.90°
111 4.43° 3.39° 0.48° 2.34° 66.57° 0.024° 39.99° 30.24° 70.23¢ 4.20¢
tﬁ)bu;“ * ns ns * wok *x *x ok *x *x
Significance
Foppdosjed Ve (598 pdaw
Salinity level of 20 dS.m™!
1 2.80% 2.47* 0.49* 2.74% 59.38° 0.020° 37.66° 36.50* 74.16° 3.30¢
1I 2.09° 2.46* 0.32* 2.11° 46.80° 0.019° 56.31* 34.89* 91.20* 2.52¢
11 3.09* 2.44* 0.59* 3.128 82.46* 0.020° 40.14° 35.05* 75.19° 4.54°
v 3.43* 2.82% 0.64* 3.19* 83.27* 0.025* 26.01°¢ 29.35° 55.37¢ 5.59*
d)b@-“ sk ns ns * sk sk sk ok sk sk
Significance

)8 550880 b g gire gl S yniie g b By sy (gla Kk (g5 grdaw yb g (gt 13 o3 B 9 ) Jlain ] olaw 3 )3 gixe g ()3 gixe pis T 54y g *F s
ns, ** and*: respectively, non-significance and significance at the probability levels of 0.01 and 0.05. In each column, means with a common letter or
letters do not have a significant difference with each other.
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Table 4. Mean comparison of germination and seedlings growth traits of the Brassica %enus between genotypes of
group I (selected as the superior group) resulting from hierarchical cluster analysis at the 0 dS.m™! salinity

level.
(i) I P oke) S o b ol
Length (cm) Dry weight (mg) | Times to W
o Sl sy o l|; Cs pw 316y EWSER Loy d Sile
Gro$u s dsddy asdble doddy d bl Germination e A‘ao)) d)fb‘?- il el (39 2 52 )
3 T ) g o) > percentage Rates to 50% Germination (eelo) (celo) Germination
Radicle Shoot Radicle Shoot germination uniformity 10% 90% rate
o o
Germination Germination (Seed/day)
h (h
137 4.87°d 3.61 0.62 1.920<d 98 0.0346 14.320 20.530 34.855 8.730
141 7.81% 4.78 0.65 2.01° 98 0.0344 16.925 20.595 37.520 8.670
155 4.460 5.16 0.47 1.13¢¢ 98 0.0360 15.180 20.020 35.200 8.955
256 5.52¢ 4.39 0.29 0.84¢ 94 0.0351 18.455 20.145 38.600 8.330
306 6.21¢ 4.05 0.49 1.990¢ 96 0.0351 19.815 18.400 38.215 8.725
311 5.72%4 5.73 1.89 4.14* 98 0.0417 19.595 15.345 34.945 9.955
328 3.08<¢ 3.89 1.33 2.39¢ 100 0.0412 15.780 19.225 35.010 9.745
336 2.40¢ 2.46 0.86 3.23% 100 0.0339 10.430 24.260 34.700 8.670
346 3,77 4.05b 1.32 2.25b4 100 0.0385 14.565 19.695 34.260 9.460
363 4.5]bc 5.02 1.19 243 98 0.0337 12.810 22.375 35.185 8.420
367 3.69¢ 5.01 2.35 3.72% 98 0.0386 17.690 19.190 36.880 9.295
388 6.75%¢ 5.99 0.62 2.67+¢ 94 0.0366 18.280 19.910 38.190 8.585
446 5.72%4 4.72 1.16 3.08% 94 0.0358 20.945 20.055 41.000 8.375
453 7.57* 6.91 1.44 3.10® 98 0.0408 15.890 19.495 35.390 9.310
483 6.58¢ 4.97 0.80 3.04 100 0.0392 20.200 19.625 39.825 9.265
509 9.29° 6.13 0.76 3.01* 100 0.0440 14.800 17.600 32.400 10.460
517 7.95% 6.06 0.71 2.84a0¢ 92 0.0436 13.295 18.765 32.055 9.375
693 6.54¢ 5.07 0.69 2.34¢ 94 0.0415 18.030 17.610 35.640 9.335
767 9.59° 5.98 0.85 3.06™ 96 0.0423 14.625 18.875 33.500 9.665
831 7.98% 6.30 0.77 2.03b¢ 100 0.0417 15.260 19.390 34.650 9.830
850 6.61¢ 5.11 0.87 2.08vd 98 0.0364 16.870 19.475 36.345 9.125
860 6.95%¢ 6.07 0.84 2.35+¢ 98 0.0352 21.995 20.125 42.120 8.680
S)laiae * ns ns * ns ns ns ns ns ns

Significant
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ns, ** and*: respectively, non-significance and significance at the probability levels of 0.01 and 0.05. In each column, means with a common letter or letters do not have a
significant difference with each other.
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Table 5. Mean comparison of germination and seedlings growth traits of the Brassica %enus between genotypes of

§rou I (selected as the superior group) resulting from hierarchical cluster ana

ysis at the 5 dS.m™! salinity

Cvel.
(asle) Jobo (5 hee) S5 039 b ol
Length (cm) Dry weight (mg 8- b ey ) ‘9&) Times to . Cepw
L >N Lo A 3 540,
laog 5 Sialer dop o )d sl dod Ve R IR
. B . " Germination o s g vl (595 22 53 »4)
Groups ardis) axaile Ardd) dpdils centa [Ceat Germination (celo) Sjal - inati
v : v i percentage o ! p &IV (cels) Germination
Radicle Shoot Radicle Shoot Rates to 50% uniformity 10% 20% rate
germination Germination (h) Germi;ati (Seed/day)
on (h)
137 515 3.14n 0.47 243 96 0.0321 = 16.695 < 25.405° 42.100 7.655
138 6.25 00 4.66™ 0.49 1.95 92 0.0320 < 17.000 ¢ 25.450° 42.450 7.285
141 4.46¢e 3.63 ™ 0.38 1.32 84 0.0298 © 27.465 ¢ 259352 53.400 6.230
155 7.3200 5.03 b0 0.340 1.98 86 0.0308 ¢ 16.300 ¢ 25.700 * 42.000 6.620
203 7.43 b0 6.13 cn 1.99 4.09 76 0.0322 e 14.855 cde 25415¢° 40.270 6.100
254 5.17%n 3.9] mn 1.06 224 88 0.0329 b 11.145¢ 25.060 2 36.210 7.245
256 3.63" 5.08 e 1.55 3.01 98 0.0322 <de 16.900 cde 25.400* 42.300 7.800
306 10.79*4 7.62 ¢k 1.24 3.41 82 0.0315 cde 18.955 «de 25.5452 44.500 6.405
311 9.16 ¢ 6.26 < 1.37 3.44 94 0.0323 «de 12.935 & 253752 38315 7.585
326 6.49 b0 4.32 kn 0.47 2.36 90 0.0295 © 15.500 < 26.1252 41.625 6.910
328 10,52+ 8.78b¢ 1.50 4.13 98 0.0317 <de 18.380 cde 25.505* 43.885 7.695
336 8.95 «h 8.67>1 1.00 3.33 56 0.0319 «de 20.035 <de 254552 45.490 4.360
346 9.13 ¢ 7.67 <k 0.45 2.39 92 0.0316 < 15.380 cde 25.520* 40.900 7.290
363 9.05 > 7.34¢1 0.79 2.89 68 0.0312 ¢ 21.645 <de 25.605 2 47.250 5.195
367 10.75%¢ 8.45bn 0.71 2.58 90 0.0319 e 16.135 «de 25.4652 41.600 7.145
395 7.61 +h 5.81 d4n 0.91 2.65 92 0.0320 <de 15.350 cde 25450 40.800 7.335
440 6.03 b 3.58 m 0.36 0.79 74 0.0289 © 56.280 25.620 * 81.900 5.125
443 8.61 ™" 6.62 ¢ 0.51 1.97 84 0.0297 © 25.025 e 22.300 ¢ 47.325 6.615
446 6.84 b1 4.38 kn 0.99 2.08 92 0.0343 b 15.155 cde 20.625 @< 35.785 8.060
452 10.01 &f 6.23 cn 0.55 1.12 84 0.0331 b 30.420 > 17.655 b 48.075 7.390
453 9.21%¢ 6.2] e 0.58 2.80 74 0.0281 ¢ 34.425 +d 24.300 ® 58.725 5.475
460 8.59 &0 7.47 ¢k 0.44 248 70 0.0286 © 28.815 cde 26.1452 54.960 5.250
472 8.70 b 7.97 ¢ 0.60 2.87 84 0.0321] e 26.925 <de 18.975 > 45.900 7.275
483 9.90 526 0.65 1.88 94 0.0350 > 21.830 <de 16.850 cde 38.680 8.600
505 10.14 &f 5.93 ¢n 0.45 291 82 0.0339 b 16.415 < 21.330 *¢ 37.750 7.115
508 8.74 «h 5.48 e 0.99 1.94 74 0.0319 e 24.625 e 21.345 %4 45.965 6.435
509 5.32 clenh 4.36 k0 1.08 2.85 96 0.0306 ¢ 20.545 <de 24.340 44.880 7.640
517 11.412¢ 11.55%® 0.99 297 68 0.0309 ¢ 25.170 ¢ 21.180%4 46.350 5.480
565 8.53 «h 9.5920¢ 1.39 3.37 80 0.0343 ¢ 39.770*4 20.400 @< 60.170 7.060
611 812 4.88 1.15 2.74 82 0.0317 e 37.500 *4 21.900*4 59.400 6.540
692 11.65% 8.56¢ 0.71 3.26 94 0.0509 * 17.500 cde 13.545°¢ 31.045 10.585
693 12.90* 12.40* 0.79 3.81 58 0.0333 b 42,9458 15.255 «de 58.200 5.145
697 10.19 1 8.36 1 0.79 291 86 0.0358 > 29.400 > 19.650 > 49.050 7.750
759 8.28 «h 7.77 <k 0.53 2.61 76 0.0286 © 23.305 <de 26.295 2 49.600 5.545
767 9.33 *¢ 6.32 0.72 2.52 72 0.03780<4 57.840 2 15.360 < 73.200 6.685
831 11.19%¢ 9.190cd 0.81 297 88 0.0391° 29.415 > 14.850 ¢ 44.265 8.605
850 7.84 &0 7.94 <) 0.86 2.55 90 0.0358 > 26.440 < 15.24( <« 41.680 8.405
860 5.39 ¢n 456" 0.73 2.67 96 0.0405° 35.160 ¢ 14.605 ¢ 49.765 9.530
876 7.66 *" 6.69 «™ 0.84 3.11 88 0.0339° 20.465 < 19.575 ¢ 40.040 7.865
SPsne * - ns ns ns ok * ok ns ns
Significant
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ns, ** and*: respectively, non-significance and significance at the probability levels of 0.01 and 0.05. In each column, means with a common letter or letters do not have a
significant difference with each other.
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Table 6. Mean comparison of %ermination and seedlings growth traits of the Brassica genus between genotypes of
t!

group IV(selected as the superior group) resulting from hierarchical cluster analysis at the 10 dS.m™! salinity
level.
(el Jobo (PS5 hee) St 39 b ole;
Length (cm) Dry weight (mg) Times to Cepw
Jeoyd 0 b Ces pu 3lesy oy Ve Jeoyd Ae Sile>
a3 S 5L . 5L Sl il Loy Sl Sl Sl (395 2 ko)
Groups el azad i) dxad Germination Rates to 50% Germination (cel) (cels) Germination
Radicle Shoot Radicle Shoot percentage germination uniformity 10% 90% rate
0 0
Germination Germination (Seed/day)
(h) (h)
137 5.350¢ 3.04 0.48 2.14 90 0.0318 20.230 25.480 45715 6.965
138 6.68 *< 3.98 ¢h 0.34 1.87 96 0.0323 14.285 25.390 39.675 7.725
141 1.77¢ 2620 0.25 1.07 64 0.0301 25.475 25.825 51.000 4.760
155 7.05 *¢ 4.55¢h 0.34 1.87 82 0.0305 26.045 25.755 51.800 6.145
256 6.57 &< 4.15 4h 1.48 3.07 98 0.0321 15.185 25415 40.600 7.605
306 9.15 6.34 >0 1.11 3.28 78 0.0296 22.055 25.995 48.050 5.825
311 7.68 4 5.04 ¢h 1.29 3.30 94 0.0325 15.385 25.350 40.735 7.575
326 3.39 & 3.86 <M 0.41 2.53 90 0.0312 19.610 25.605 45215 6.990
328 8.60 ¢ 6.350 1.39 4.59 84 0.0322 18.305 25.395 43.700 6.675
336 10.69* 8.381b¢ 0.79 3.65 78 0.0319 16.740 25.460 42.200 6.165
346 8.81 ¢ 6.82 0 0.41 2.50 78 0.0308 21.465 25.685 47.150 5.965
363 8.40 *¢ 6.92 b= 0.57 3.19 72 0.0299 25.215 25.885 51.000 5.335
367 8.15%¢ 6.04 >0 0.71 2.88 74 0.0302 29.130 25.820 54.950 5.430
443 6.35 % 4.16 ¢ 0.46 1.88 78 0.0272 24.220 26.780 51.000 5.485
446 3.78 «de 3.91 ¢h 0.97 2.11 70 0.0305 19.005 25.475 44.750 5.350
452 8.02 *¢ 5.80 >0 0.39 222 68 0.0311 21.475 25.625 47.100 5.160
460 8.87 ¢ 6.98 > 0.39 2.62 84 0.0253 27.965 27.400 55.950 5.665
472 10.40 6.75 ¢ 0.61 3.00 78 0.0286 31.100 24.300 55.400 5.925
483 9.37%® 5.46 >0 0.64 2.20 98 0.0323 19.400 20.550 39.950 8.310
508 5.85%¢ 4.82¢h 0.88 2.08 84 0.0302 18.405 22.700 41.105 6.875
509 6.09 > 3.39 ten 1.16 2.70 94 0.0263 25.000 27.060 52.060 6.570
517 8.94 e 8.92: 0.65 2.99 66 0.0302 40.525 24.360 64.885 5.250
693 10.74° 10.77 0.65 3.80 74 0.0306 37.420 21.380 58.800 5.810
697 10.46* 7.65%4 0.57 3.27 60 0.0286 29.400 22.500 51.900 4.610
767 9.19 @ 5.70 >® 0.69 3.14 76 0.0290 27.715 19.600 47.315 6.050
831 9.2] ® 6.38 ¢ 0.61 2.84 90 0.0343 27.100 16.500 43.600 8.060
841 9.97 @ 7.50%¢ 0.75 3.53 86 0.0374 32.115 19.985 52.100 7.500
850 7.80 *¢ 6.15°0 0.66 3.05 96 0.0326 22.675 21.725 44.400 7.950
860 6.51*¢ 4.24 ¢ 0.89 3.05 96 0.0318 25.750 20.650 46.400 8.010
‘Q‘?u‘” * ok ns ns ns ns ns ns ns ns
Significant
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ns, ** and*: respectively, non-significance and significance at the probability levels of 0.01 and 0.05. In each column, means with a common letter or letters do not have a

significant difference with each other.
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Table 7. Mean comparison of germination and seedlings growth traits of the Brassica genus between genotypes of
? ]p I (selected as the superior group) resulting from hierarchical cluster analysis at the 15 dS.m™! salinity
eve

(rocssbo) Jsbo  (p5 o) Sis g 0 b sy b ol Sy
s Length (cm) Dry WeLg_ht (mg) Aoyd 2oy 316y — \Tlmes to — - il
09,5 . . ) Sl S5l Sl Sl oy Sl 2oy Garpt 25 )
Groups drady) il A, dpails Germination Rates to Germination (celo) (celo) Germination
Radicle Shoot Radicle Shoot percentage 50% uniformity 10% Germination 90% Germination rate
germination (h) (h) (Seed/day)
137 5.16 2.53 0.38 2.24 98 0.0298 30.555 25.900 56.450 7.120
138 4.96 3.36 0.32 1.80 82 0.0304 27.28 25.765 53.240 6.090
141 3.39 3.55 0.28 1.40 66 0.0251 40.720 26.680 67.400 4.325
155 322 247 0.34 2.04 82 0.0240 30.410 29.290 59.700 5.245
254 3.58 2.82 0.83 2.04 80 0.0287 18.115 26.575 44.690 6.050
285 6.05 4.17 0.90 3.57 90 0.0325 20.790 25.350 46.140 7.160
306 4.31 3.16 0.93 3.97 54 0.0262 14.960 31.690 46.650 3.810
311 4.22 5.99 1.10 3.08 86 0.0279 20.010 27.690 47.700 6.225
328 7.60 5.08 1.44 4.33 90 0.0319 22.590 25.460 48.050 7.045
336 7.04 5.20 0.72 3.70 68 0.0266 21.275 27.190 48.465 4.825
346 6.01 4.88 0.31 2.40 86 0.0283 20.990 26.560 47.550 6.235
363 5.90 4.45 0.53 2.71 60 0.0233 29.100 29.300 58.400 3.780
367 5.73 4.37 0.55 2.74 66 0.0242 34.190 27.960 62.150 4.250
388 6.57 4.53 0.64 3.17 88 0.0291 22.240 26.160 48.400 6.540
395 4.95 3.29 0.69 2.58 96 0.0269 30.560 23.040 53.600 7.035
443 5.62 4.34 0.40 2.34 74 0.0233 27.270 33.830 61.100 4.515
446 2.64 245 0.88 227 80 0.0266 20.075 28.185 48.260 5.525
453 5.65 3.02 0.57 3.18 86 0.0229 40.470 36.930 77.400 4.970
460 6.69 4.78 0.44 2.79 86 0.0226 26.455 36.810 63.265 4.970
483 6.56 4.08 0.59 2.56 80 0.0280 24.250 27.750 52.000 5.660
505 5.00 2.78 0.31 2.39 74 0.0245 29.200 28.600 57.800 5.055
508 5.05 3.54 0.82 223 86 0.0265 18.890 30.660 49.550 5.985
509 3.68 2.11 0.04 2.92 86 0.0246 19.815 31.300 51.115 5.650
517 6.12 6.53 0.45 3.15 56 0.0249 32775 32.100 64.875 3.670
528 5.24 4.01 0.38 2.95 62 0.0204 35.955 39.385 75.345 3.980
622 7.99 6.04 0.57 2.86 88 0.0251 24.480 27.960 52.440 5.905
692 7.34 533 0.56 3.90 86 0.0341 26.350 16.700 43.050 7.685
693 8.36 7.69 0.65 3.52 72 0.0311 31.260 20.940 52.200 5.855
697 6.63 6.15 0.49 3.34 74 0.0266 23.255 31.750 55.000 5.030
755 6.53 3.68 0.61 4.15 78 0.0235 18.410 33.980 52.390 4.875
767 6.00 3.84 0.58 2.86 72 0.0231 26.470 33.530 60.000 4.365
769 6.83 5.49 0.87 2.81 90 0.0271 21.645 26.055 47.700 4.410
831 7.03 5.54 0.52 3.29 86 0.0330 25.940 20.125 46.065 7.320
841 7.92 5.92 0.62 3.44 84 0.0311 41.700 21.150 62.850 6.920
850 5.93 4.44 0.83 3.71 96 0.0283 24.790 25915 50.700 7.080
860 4.38 3.08 0.76 2.70 98 0.0286 19.640 26.480 46.120 7.250
‘_5)"?6‘” ns ns ns ns ns ns ns ns ns ns
Significant
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ns, ** and*: respectively, non-significance and significance at the probability levels of 0.01 and 0.05. In each column, means with a common letter or letters do not have a
51gn1ﬁcant difference with each other.
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Table 8. Mean comparison of germination and seedlings %rowth traits of the Brassica genus between genotypes of
group IV (selected as the superior group) resulting from hierarchical cluster analysis at the 20 dS.m’!
salinity level.

(specsle) Jgbo (P cske) S 39 Loy b sy b olej g

Length (cm) Dry we_ght (mg) L Jod O ‘9& Times to L
Sl 4 S " " Sl

é“a)f i i (2o3) Sl Sl Gl e Gl aepde (T
roups dorddy) b Ardia, e Germination R?Oeos/to Germination (celo) (eels) Germination
Radicle Shoot Radicle Shoot percentage erminat uniformity 10% Germination 90% Germination rate
(%) e (h) (h) (Seed/day)

138 1.770 1.76 0.110 2.9000 *& 78 0.0206 46.5000 29.0000 75.5000 4.5650
141 1.550 1.72 0.210 1.1300 & 58 0.0218 44.3100 28.3500 72.6600 3.5500
254 2.190 1.45 0.680 1.7800 ©'¢ 80 0.0266 24.7150 27.0000 51.7150 5.7750
301 1.645 1.22 1.450 3.8865 48 0.0218 20.3150 49.6900 70.0000 3.4450
306 3.120 2.46 0.810 3.7100 *¢ 60 0.0264 37.3900 26.9650 64.3500 4.2950
316 2.700 2.11 0.370 3.0400 ** 90 0.0264 30.0050 26.8250 56.8300 6.0950
328 2.960 3.22 1.160 3.8200 * 86 0.0306 19.5800 25.7200 45.3000 6.5400
336 4.250 3.14 0.430 3.4800 ** 78 0.0275 25.4650 26.3550 51.8250 5.5750
346 2.250 2.57 0.200 2.3700 ¢ 66 0.0215 30.1000 32.6000 62.7000 4.0050
367 2.670 2.16 0.420 3.0400 ** 66 0.0210 43.6950 30.4800 74.1750 3.9100
388 3.320 2.81 0.410 3.3300 ** 78 0.0255 33.3100 26.1300 59.4450 5.6050
395 2.080 2.16 0.270 2.7900 *& 82 0.0209 19.3300 38.4650 57.7950 4.6350
400 5.410 3.07 0.620 3.2500 ** 90 0.0220 28.0050 28.9600 56.9650 5.6100
404 4.040 1.73 0.420 2.4500 b 86 0.0226 45.2350 32.9650 78.2000 5.0850
408 2310 1.42 0.480 1.4300 & 62 0.0180 35.3600 40.0000 75.3600 3.0500
446 1.720 1.68 0.940 2.1100 ¢ 62 0.0183 40.3500 39.4500 79.8000 3.0950
457 5.290 4.48 0.340 2.8200 *& 76 0.0237 23.5300 31.6000 55.1300 4.7800
460 3.610 2.54 0.310 2.9300 *& 52 0.0159 57.6900 39.5100 97.2000 2.4350
472 4.420 3.28 0.450 3.5100 ** 78 0.0206 29.3900 37.8600 67.2500 4.2650
483 5.470 3.91 0.610 2.7400 *¢& 84 0.0221 27.3000 35.4000 62.7000 4.9400
505 3.430 2.33 0.310 2.3400 ©& 74 0.0227 35.5350 34.0100 69.5450 4.5600
508 2.880 3.10 0.780 2.3200¢¢ 80 0.0206 36.2700 36.8000 73.0700 4.6400
509 3.390 1.85 1.130 3.3500 ** 86 0.0242 30.5750 30.9050 61.4800 5.4950
517 4.820 4.40 0.430 3.8600 *¢ 56 0.0196 28.4400 39.0600 67.5000 3.1550
528 2.770 1.66 0.230 2.0100 ¢ 52 0.0230 36.9000 34.5000 71.4000 4.2050
565 3.730 4.02 0.980 4.3700 76 0.0196 51.6500 38.8000 90.4500 4.0650
688 3.640 4.05 0.480 4.4900 * 74 0.0277 28.6000 26.5000 55.1000 5.1950
692 4.000 3.72 0.460 3.9100 * 78 0.0270 37.0000 26.6000 63.6000 5.3600
693 5.020 5.67 0.290 3.7000 ** 56 0.0247 31.3000 27.1000 58.4000 3.7400
697 4.050 3.23 0.910 2.9900 *& 74 0.0193 19.8250 43.2000 63.0250 4.0050
755 4.750 2.86 0.608 3.9600 = 78 0.0197 40.1650 40.0350 80.2000 3.9950
767 3.580 2.46 0.420 3.2400 ** 60 0.0203 28.7400 38.7000 67.4400 3.2050
831 5.230 3.50 0.440 2.9600 *¢ 88 0.0246 27.7150 24.2850 52.0000 6.0800
841 3.540 3.51 0.460 3.7600 *¢ 80 0.0233 43.2300 31.0700 74.3000 4.8750
850 3.680 347 0.600 3.2100 ** 90 0.0206 36.2500 35.2500 71.5000 5.1300
860 2.480 2.01 0.560 3.3400 ** 82 0.0219 33.2550 35.1450 68.4000 4.6800

‘55_)‘?;:"“: ns ns ns * ns ns ns ns ns ns

—olgnificant
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ns, ** and*: respectively, non-significance and significance at the probability levels of 0.01 and 0.05. In each column, means with a common letter or letters do not have a
significant difference with each other.


http://dx.doi.org/10.61882/jcb.2025.1575
https://jcb.sanru.ac.ir/article-1-1575-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-14 ]

[ DOI: 10.61882/jch.2025.1575 ]

Olosin pwl g Shaey e ¢ dislowl (dedose o b3y dllciwon (Jude o Sl ¢4,

sy

VEX /¥ o)l [pnsan Jo / ol); 5blS Mol 4l jings,

dodilo g dxddyy Job (Jamil ef al., 2006) ., Ken 4
alyy o Iy e (6)98 G5 (2Ll > Slio (p ke
WS o ol SB ) Ol ] SB L it oles )
My iblS bl oo ol laciewd plo @y o) ddls 4
4 8L NaCl o @l 4 basye Slgs o dBlo o ady
Werner & ) cplalSid 5 iy i 3b e
5 Aoy b ek I Wl o (g9 (Finkelstein, 1995
LS S el Ol Gla o, SS Loay 4l

VO (gye paw jd Wodly wilyly 4o wlul p
sboss) Gl G Shy Glp e pomierjew
Sy Slio (i () aglis (7 Joa2) gl 09,5
daw 3 prlez 095 el Jy oV Jge) susls
wrdle S 0y Sl 5l e pderjwd Ve )98
S gy ok ol S0y b gl st bS]
LAY Gudgis o oy p)S oo ¥/¥R L P Gllis
s |y dle i gy oS pSuke WY
ol (Neumann, 1995) flogs (A Jodn) by jolais
hady) by olr Copw 4 Algie ()90 &5 WS
l Gagre e pole g Ol Gl cud)ls ol o Ly i S
2 Sisodle Hlude ialS el (g8 Lil38l ey Lials
Ahmadi & Niazi Ardekani, ) 34 o0 1318 calises pl&)|
e 1) LIS 50 ()98 @ oS ljee (e (2006
(Ashraf, 2001) slawsh cuwlie wls Sasole
@D.dlgdblﬁ)‘»l}d)pdgk}vdd\fwhmua}uﬁp
ol A ey slp Gl badye olS Cllb e oS
@Yl sl QUG 51 L o) GlalS P8l qere (S
adny jl g 4 e Do Jlal s (Ve 4 Soj)
.(Davenport et al., 2005) sl 15,55 5

oS ame | prly Bl Qla > 2lly Sl
b5 ] Conl Sao b ol e YU polie )l
Bybordi & Tabatabaei, ) sil ausly (sy0d 45 Joodi 53
sy 5 (Rashid e al., 1999) ))SKen 5 1y (2009
P bdne Gl puS Gl pB)l (5)98 4 Joou
&S s2g05 oanlie 5155 b GHIF! b e olie
2239 pBl o )0 s Qo > oYL (S e b
OBl g e clale LI p e 2GS S5
Sload  Lhlped GRIF Ll s b
(Mohammad et al., 2003)

29 ol cubdS bl il S5 olS axsls
Steppuhn ) 395 s 5 Jooxie (5)9 4 A8 (g Sl
5 xS dlo yo blgz; olS ST eyl 1 Ly (& Wall, 1997
Ll il 9 88 (b Cubge b b Lulyd )3 1) adgl a3
2 b GRIBl s 4 ol Coglie (e I3 L
(Wilson et al., 1999) o))San 5 ;s bli)) san
Tohw & Cund |y 5o )8 IS 5 glidul £55 5> ST
g0 obS oad) e slagle; bo)sd i
Cuoglio cgdidy 050 3ol 1> a8 wizdlyd g Wolo)l )8 oy p
b Vb glagysd 5 cdb Gl ()98 L5 4 olS

L) 9 Gl sl Shy oSle dwlie @l
Tl Sp leogS &5 obowis) om gleals
ShA B ¥ ol )3 85 )13 (6ye8 A5 il
JQ] 09,5 dl)-.’ a.\«;’;flqu'] u»i’l.vo Ao o L)“’L’*" » Silods
55 s (¥ J2) shepmioniowd s ()9 ghaw 5
O e Gl dpadle SUS 5y 5 drady; Jobo
o oSl duslis 05 atalis 038 ol sloess
S 3 ) S 45l Slio 2 95 ol oz
O 5 YW VAV ololid (ST slacsss
VIVY) dpadl Suid (59 9 (e bl VOY) doady) Jobo
(¥ Jgi) 200> polatsl s ) (p )5 o

09,5 Slao (gl oulplsl (ke auslie ¢yrizren
A GUis (B Jgaz) yioppmionswd O 539 gdaw 5> Jol
2oy3 00 b Copu sl Job crady) Job Sl I oS
Sl 2o Ve b plej g (il (SEIESH ¢ il
odblie 09,5 L')g.‘ slcais; o d)‘ﬁuJuw syl
Slas ) 09,5 u:l ccwis; o pSle duglio ud
SAY Lol 05 b gy oS v ol J S S
WIE: 9 WA i) dpddle g iy Jobo cpyiie
2oy B b ey oVl FAY gl (el
203 Ve B gloj (npieS 5 (Ga) 2 od +/+0%) (il
e a8 YOV Cigiy (wizman g (Csbo WW/OY) (gjals>
20 Joaa) wag Ly 1) (MWFR) saley 8less
S odolcusday due (3llao juix o o Sjale BIES
8y u.b-ly.{) Loyl oS cul L};.I odmd s il
(Soltani ez al., 2002) 15; 0 «lgs>

Al i plo buwg odelcunsd gl awyyp 5l
ol Sl ke Sidle oy & 08 plgs
So oy gy ool J S gy 1) Sl e
Joyd A 5 Ve U oloj b (8 leSs ¢ Sidilen Ce o sl
» YL %;35431—9? Gy oo iy (gyepd Jidiles
2 bl g ol e gty o ety lacigy 5l pan
L g 33,5 UM )l iy by o s 1 el b
Sl (Sdptie slacld 0,5 o ol 4 Ol
oloj e douis )3 g b dalgd plowl al)l 4, J8 0
Rl (il Cop W g (I Sl dvady) g5
(Turhan, 2004) ., .(Ebonus, 2001) sub .
s a5 535 3 51 535 ok GiliE o bl
ol ob Lials 1) awls 55 dle olS pudglio 4
Sl 2 e )lS (SW)5L 1 a5 a8l ones
bug miw 5 8 clgn ol 4 byl L
bl Sy J56S g

g 2 pilez 095 slacio lp (Sile awlie
Job Sl 5l as ol (Ui je p (udejied Ve )9
On BoPGme bl adls b g arady)
OsSbe dulie (poluly 005 odaliieo 09)5 (nl Slacisi;
Ok FAY plolid L Gy g8 ool sy
VIVY) apdile 5 (pesle VeVF) avady, b
Jio b s 5 Jpi) o (poliais) 553 1y (a5l


http://dx.doi.org/10.61882/jcb.2025.1575
https://jcb.sanru.ac.ir/article-1-1575-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-14 ]

[ DOI: 10.61882/jch.2025.1575 ]

Olesin ywb g Sllo) |y ¢ dislowl et ¢ bdym dlcwan ¢ ude o Clolw §g,31

SA

wiobly5gll &565 93 a3 B rapa L. abekud 465
£85 0 J9 Gl S b B. juncea L. ¢ B. napus L.
Q65 ) g 3,18 d939 B. carinata L. siblysgll 4365
G942 Joo5 ob ol Wgliygs B. nigra L. adslos
4 oo &S c8)8 s Wb bl cpl p i saalie

pi; 5l Brassica s Jexie (slbdisS (gyeb LiD
Cuwl 48,8 Liio B. rapa L.

19,88 9 Sl

9y Gbal cuS arwg Syd I dhwy opl 4
sk opalds Ll s (ohhsile oliwl) g)le
Sl (b mlie g (5,5l pole oD 5 iy
Sl gl cnl plsl o Jbo slacules [blay
D950

Sl i ciliseo gladigS (69 4 Jooxio glacuisy (S 9 (2Ll

o5 5
9 og)S (10le dunlie (sladgd 4550 ggomme )
gobaw > py og)S lacuis) Jdovsdod (rionen
3 LS (6)58 yapmierjised Ve 5 V0 Ve D i
FES XYE XVA X5 OFV Joli) cuieii V0 olas &5
(AP 9 AD+ AYY VEY SAY DY DA FAY FFF NPV
P oS )3 o)lgan (owyp 3)90 5)9 Tobaw plos
D5 5l uig) Cdp oxie Sl om Al I8
Cuigi 90 9 B. juncea L. j| Cuigis Ly B. napus L.
&S aedy o s dliwe oyl .zl jels B orapa L.
Sogd Lulpd 3 o g ogllae llyd 5 4 bos) ol
wls Wy g Sivle ) @Vl aUly Lad b mMe
35 keSS Sllllae plol (gl Wl oo g aih (548
P53 Cizped LS 158 oolitnl 3)50 (Ml sl gy

References

AgMRC. (2022). Grain and Oilseeds: Rapeseed. Available online: https://www.agmrc.org/commodities-
products/grains-oilseeds/rapeseed (accessed on 7 February 2022).

Ahmadi, S. H., & Niazi Ardekani, J. (2006). The effect of water salinity on growth and physiological
stages of eight Canola (Brassica napus) cultivars. Irrigation Sciences, 25(1), 11-20.

Alizadeh Foroutan, M., Pirdashti, H., & Yaghoubian, Y. (2014). Effect of biological seed treatments on
the resistance of the medicinal plant fennel (Foeniculum vulgare L.) to copper heavy stress during
germination and seedling stage. Journal of Seed Research, 4(2), 1-12. [In Persian]

Ageel, M., Khalid, N., Tufail, A., Ahmad, R. Z., Akhter, M. S., M., L., Javed, M. T., Irshad, M. K.,
Alamri, S., Hashem, M., & Noman, A. (2021). Elucidating the distinct interactive impact of cadmium
and nickel on growth, photosynthesis, metal homeostasis, and yield responses of mung bean (Vigna
radiata L.). Environmental Science and Pollution Research, 28, 27376-27390.

Asghari, A., Mohammadniya, S., & Fallahi, H. (2017). Assesment of salinity tolerance in some canola
cultivars using morphophysiologic traites and ISSR markers. Journal of Crop Breeding, 9(24), 166-
178. [In Persian]

Ashraf, M. (2001). Relationships between growth and gas exchange characteristics in some salt-tolerant
amphidiploids Brassica species in relation to their diploid parents. Environmental and Experimmental
Botany, 45(2), 155-163.

Ashraf, M. (2004). Some important physiological selection criteria for salt tolerance in plants. Flora-
Morphology, Distribution, Functional Ecology of Plants, 199, 5.

Ashraf, M., & Mcneilly, T. (2004). Salinity tolerance in brassica oilseed. Critical Reviews in Plant
Science, 23(2), 157-174.

Azimi Gandmani, M., Dehdari, A., Faraji, H., Movahhedi Dehnavi, M., & Alinaghizadeh, M. (2012).
Effect of salinity on some quantitative and qualitative characteristics of spring rapeseed cultivars.
Electronic Journal of Crop Production,, 5(1), 53-70. [In Persian]

Baghizadeh, A., Yazdanpanah, A., & Rostami-nejad, M. (2021). Evaluation of sesame cultivars in
germination stage under salinity stress. [ranian Journal of Plant and Biotechnology, 16(1), 1-9.

Bahari Saravi, H., Gholami, A., Pirdashti, H., Baradaran Firouzabadi, M., & Asghari, H. R. (2019). The
effects of endophyte symbiosis and spermidine foliar application on chlorophyll fluorescence and
photosynthetic pigments of stevia (Stevia rebaudiana Bertoni) medicinal plant under salinity
conditions. Journal of Plant Process and Function, 8(33), 47-64. [In Persian]

Bahari Saravi, H., Gholami, A., Pirdashti, H., Firouzabadi, M. B., & Asghari, H. R. (2021). The response
of stevia (Stevia rebaudiana Bertoni) photosystem II photochemistry to fungi symbiosis and
spermidine application under saline water irrigation. Russian Agricultural Sciences, 47(1), 39-43.

Bahari Saravi, H., Pirdashti, H., & Yaghoubian, Y. (2017). Response of chlorophyll fluorescence and
physiological parameters of basil (Ocimum basilicum L.) to plant growth promoting rhizobacteria
(PGPR) under salinity stress. Plant Process and Function, 6(19), 89-104. [In Persian]

Banaei, M. H. (2002). Map of Iran's soil resources and potential. Soil and Water Research Institute,
Tehran, Iran. [In Persian]

Bybordi, A. (2010). Effects of salinity on yield and component characters in canola (Brassica napus L.).
cultivars. Notulae Scientia Biologicae, 2(1), 81-83.

Bybordi, A., & Tabatabaei, S. J. (2009). Effect of salinity stress on germination and seedling properties in
canola cultivars (Brassica napus L). Notulae Botanicae Horti Agrobotanic Cluj-Napoca, 37(1), 71-76.

Bybordi, A., Tabatabaei, S. J., & Ahmadev, A. (2010). Effect of salinity on the growth and peroxidase
and TAA oxidase activities in canola. Journal of Food, Agriculture and Environment, 8, 109—112.


https://www.agmrc.org/commodities-products/grains-oilseeds/rapeseed
https://www.agmrc.org/commodities-products/grains-oilseeds/rapeseed
http://dx.doi.org/10.61882/jcb.2025.1575
https://jcb.sanru.ac.ir/article-1-1575-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-14 ]

[ DOI: 10.61882/jch.2025.1575 ]

Olsin bl g Slaey it ¢ islowl dedose o by dllcwon ude o @lblw ¢4,
e VEX /¥ o)l [pnsan Jo / ol); 5blS Mol 4l jings,

Chengula, L. K. (2018). Exploring the agricultural innovation continuum the case of Kenya climate smart
agriculture project. Agriculture Research Conference. World Bank Group, 27 p.

Davazdahemami, S. (2002). Effect of salinity stress on seed germination characteristics of 10 species of
medicinal plants. Congress of Crop Sciences and Plant Breeding of Iran. Karaj, Iran, 572-571. [In
Persian]

Davenport, R., James, R., Zakrisson, A., Tester, M., & Munns, R. (2005). Control of sodium transport in
durum wheat. Plant Physiology, 137(3), 807-818.

Dehshiri, A., Modarres Saneve, S. M. A., Rezaei, H., & Shirani Rad, A. H. (2013). Effect of elevated
concentration of atmospheric carbon dioxide on some traits of three rapeseed (Brassicc napus L.)
varieties under saline conditions. Seed and Plant Production Journal, 28(1), 35-52. [In Persian]

Ebonus, M. (2001). Physiological study of the effects of drought stress on the germination stage and
seedlings of lentil cultivars. Master's thesis in plant physiology. Science Faculty, Ferdowsi University
of Mashhad, 90 p. [In Persian]

Epstein, E. (1985). Salt tolerant crops: Origins development and prospects of concept. Plant and Soil, 89,
187-198.

Faghih-Abdollahi, L., Pirdashti, H., & Yaghoubian, Y. (2013). Effect of biological treatments on dill
(Aniethum graveolens L.) seed germination and seedling growth of under copper contamination.
Journal of Seed Science and Technology, 2(4), 13-23. [In Persian]

FAO. (2012). FAO Statistical Year Book 2012, World Food and Agriculture. Food and Agriculture
Organization.

FAO. (2017a). The Future of Food and Agriculture—Trends and Challenges. Rome. Available online:
https://www.fao.org/3/16583e/16583e.pdf (accessed on 20 January 2022).

FAO. (2017b). FAO Soils Portal. Available at Web site http://www.fao.org.

FAO. (2018). Handbook for saline soil management. Editors: Vargas, R., Pankova, E.I., Balyuk, S.A.,
Krasilnikov, P.V., and Khasankhanova, G.M.,.Published by the Food and Agriculture Organization of
the United Nations and Lomonosov Moscow State University.

FAO. (2020). World Oilseed Projections. Available online: https://www.oecd-ilibrary.org/agriculture-
and-food/data/oecd-agriculture-statistics_agr-data-en (accessed on 11 January 2022).

FAO. (2023). World Food and Agriculture of the United Nations. Statistical YerBook.
http://www.fao.org.

Fowler, J. L. (1991). Interaction of salinity and temperature on the germination of Crambe. Agronomy
Journal, 83, 169-172.

Franco, J., Crossa, J., Villasenor, J., Taba, S., & Eberhart, A. (1997). Classifying Mexicana maize
accession using hierarchical and density search methods. Crop Science, 37, 972-980.

Francois, L. E. (1994). Growth, seed yield and oil content of canola grown under saline conditions.
Agronomy Journal, 86, 233-234.

Hasani, Z., Pirdashti, H., Yaghoubian, Y., & Nouri, M. Z. (2013). Comparative effects of cold air and
cold water stress on chlorophyll parameters in rice (Oryza sativa L.). International Journal of
Farming and Allied Sciences, 2(21), 195-206.

Ilkai, M. N., & Imam, y. (2003). The effect of plant density on the yield and yield components of two
cultivars of winter canola, Brassica napus L. Iranian Journal of Agricultural Sciences, 34(3), 515-
509. [In Persian]

Jamil, M., Lee, D., Jung, K. Y., Ashraf, M., Lee, S. C., & Rha, E. S. (2006). Effect of salt stress on
germination and early seedling growth of four vegetables species. Journal of Central European
Agriculture, 7,273-282.

Keshta, M. M., Hammad, K. M., & Sorour, W. A. L. (1999). Evaluation of rapeseed genotypes in saline
soil. Proceedings of the 10 th International Rapeseed Congress, Canberra. Australia, 253-258.

Khajepour, M. R. (2012). Industrial plants. Academic Jihad Publications of Isfahan Industrial Unit. 580
pages. [In Persian]

Khalili, M., Naghavi, M. R., & Taleb Zadeh, S. J. (2020). Evaluation of changes in morphological,
physiological and biochemical traits of some canola cultivars under salinity stress. lranian Journal of
Field Crop Science, 51(2), 15-28. [In Persian]

Khodarahmpour, Z., & Soltani, A. (2014). Evaluation of tolerance to salinity tension in Canola genotypes
(Brassica napus L.) based on the seedling pregrowth. Crop Physiology Journal, 6(22), 23-36.
[In Persian]

Marschner, H. (1995). Mineral nutrition of higher plants. Academic Press. London, 889 p.

Mass, E. V., & Poss, J. A. (1989). Salt sensitivity of wheat at various growth stages. lrrigation Science,
10, 29-40.

Maas, E. V., Poss, J. A, & Hoffman, G. J. (1986). Salinity sensitivity of sorghum at three growth
stages. [rrigation Science, 7(1), 1-11.

Mohammad, M., Malkawi, H., & Shibili, R. (2003). Effects of arbuscular mycorrhizal fungi
andmphosphorus fertilization on growth and nutrient uptake of barley grown on soils with different
levels of salts. Journal of plant Nutrition, 26(1), 125-137.


https://www.fao.org/3/i6583e/i6583e.pdf
http://www.fao.org/
https://www.oecd-ilibrary.org/agriculture-and-food/data/oecd-agriculture-statistics_agr-data-en
https://www.oecd-ilibrary.org/agriculture-and-food/data/oecd-agriculture-statistics_agr-data-en
http://www.fao.org/
http://dx.doi.org/10.61882/jcb.2025.1575
https://jcb.sanru.ac.ir/article-1-1575-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-14 ]

[ DOI: 10.61882/jch.2025.1575 ]

Olesin b g Slio) i ¢ Jislowl et ¢ by dlcwan ¢ ude s ol 4,31
& Sy iy hliSen (slodisS (6590 0 Jooio slacudgi) (2o 9 (b))

Momeni, A. (2011). Geographical distribution and salinity levels of Iran's soil resources. Journal of Soil
Research (Soil and Water Sciences), 24(3), 215-203.

Monirifar, H. (2016). Development and evaluation of a synthetic alfalfa variety for tolerance to salinity.
Journal of Crop Breeding, 18(8), 176-182. [In Persian]

Moravveji, S., Zamani, G. R., Kafi, M., & Alizadeh, Z. (2017). Effect of different salinity levels on yield
and yield components of spring canola cultivar (Brassica napus L.) and Indian mustard (B. juncea L.).
Environmental Stresses in Crop Sciences, 10(3), 457-445. [In Persian]

Naderi Zarnaghi, R., & Toorchi, M. (2015). Classification of spring rapeseed genotypes by morphological
and physiological traits related to salt tolerance. Environmental Stresses in Crop Sciences, 7(2), 233-
244, [In Persian]

Nemati, M., Asghari, A., Sofalian, O., Rasoulzadeh, A., & Mohamaddoust Chamanabad, H. (2012).
Effect of water stress on rapeseed cultivars using morpho-physiological traits and their relations with
ISSR markers. Journal of Plant Physiology and Breeding, 2(2), 55-66.

Neumann, P. M. (1995). Inhibition of root growth by salinity stress: Toxicity or an adaptive biophysical
response. In: Baluska, F., Ciamporova, O., & Barlow, P. W. (eds). Structure and Function of Roots.
The Netherlands.: Kluwer Academic Publishers, 299-304.

Noori Akandi, Z., Pirdashti, H., Yaghoubian, Y., & Omran, V. G. (2016). Investigation of antioxidant
enzymes activity and photosynthetic pigments content changes of stevia medicinal plant inoculated
with Piriformospora indica fungi under salt stress. Journal of Crops Improvement, 18(3), 639-653.
[In Persian]

Pahl, G. (2008). Biodiesel: Growing a New Energy Economy. Chelsea Green Publishing Company:
Hartford, VT, USA.

Penuelas, J., Isla, R., Filella, I., & Araus, J. L. (1997). Visible and near- infrared reflectance assessment of
salinity effects on barley. Crop Science, 37(1), 198-202.

Pierivatolum, J., Qasimov, N., & Maralian, H. (2010). Effect of soil water stress on yield and proline
content of four wheat lines. Journal of Biotechnology, 9, 036-040.

Pirdashti, H., Yaghoubian, Y., Mohammadi Goltapeh, E., & Hosseini, S. J. (2012). Effect of mycorrhiza-
like endophyte (Sebacina vermifera) on growth, yield and nutrition of rice (Oryza sativa L.) under salt
stress. Journal of Agricultural Technology, 8(5), 1651-1661.

Pirzad, A. (2009). Proc. Ir. Oilseed Crops Conf., Esfehan. 21-22 Dec 2009. Esfehan. IRAN.

Rasel, M., Tahjib-Ul-Arif, M., Hossain, M. A., Hassan, L., Farzana, S., & Brestic, M. (2021). Screening
of salt-tolerant rice landraces by seedling stage phenotyping and dissecting biochemical determinants
of tTolerance mechanism. Journal of Plant Growth Regulation, 50(5), 1853-1868.

Rashid, A., Qureshi, R. H., Holington, P. A., & Jones, R. G. (1999). Comparative responses of wheat
cultivars to salinity at the seedling stage. Crop Science, 182(3), 199-207.

Saadat, S. (2019). Final report of agricultural soil quality monitoring. Soil and Water Research Institute.
Agiculturarl Research, Education and Extension Organization (AREEQ). [In Persian]

Saadia, M., Jamil, A., Akram, N. A., & Ashraf, M. (2012). A Study of Proline Metabolism (Brassica
napus L.) in Canola Seedlings under Salt Stress. Molecules, 17, 5803-5815.

Schillinger, W. F., & Paulitz, T. C. (2018). Canola versus wheat rotation effects on subsequent wheat
yield. Field Crops Research, 223, 26-32.

Shahbazi, M., Kiani, A. R., & Raeisi, S. (2011). Determination of salinity tolerance threshold in two
rapeseed (Brassica napus L) cultivars. Crop Science Society of Iran, 13(1), 18-31. [In Persian]

Sharma, S. (1996). Applied Multivariate Techniques. John Wiley and Sons, Inc.USA.

Singh, A. (2022). Soil salinity: a global threat to sustainable development. Soil Use and Management,
38(1), 39-67.

Soltani, A., & Madah, V. (2010). Simple applications for teaching and research in agriculture. Ecological
Scientific Association of Shahid Beheshti University, Tehran, Iran, 80p. [In Persian]

Soltani, A., Zeinali, E., Galeshi, S., & Latifi, N. (2002). Germination, seed reserve utilization and
seedling growth of chickpea as affected by salinity and seed size. Seed Science and Technology, 30,
51-60.

Steppuhn, H., & Wall, K. G. (1997). Grain yields from spring-sown Canadian wheats grown in saline
rooting media. Canadian Journal of Plant Science, 77(1), 63-68.

Sun, G., Yao, T., Feng, C., Chen, L., Li, J., & Wang, L. (2017). Identification and biocontrol potential of
antagonistic bacteria strains against Sclerotinia sclerotiorum and their growthpromoting effects on
Brassica napus. Biological Control, 104, 35-43.

Thompson, J. A., & Nelson, R. L. (1998). Utilization of diverse germplasm for soybean yield
improvement. Crop Science, 38, 1362-1368.

Tobe, K., Li, X. M., & Omasa, K. (2004). Effects of five different salts on seed germination and seedling
growth of Haloxylon ammodendron (Chenopodiaceae). Seed Science Research, 14, 345-353.

Turhan, H. A. (2004). Effect of salinity on seedling emergence and growth of sunflower (Helianthus
annuus L.) cultivars. International Journal of Agricultural Biological, 6, 149-152.


http://dx.doi.org/10.61882/jcb.2025.1575
https://jcb.sanru.ac.ir/article-1-1575-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-02-14 ]

[ DOI: 10.61882/jch.2025.1575 ]

Olesiny yuol g (Sl e o slowsl dedasto ¢ b3y dlcien ( Jude by bl §4,8l
Al VEX /¥ o)l [pnsan Jo / ol); 5blS Mol 4l jings,

Valdiani, A. R., Hasanzadeh, A., & M, T. (2005). Study on the effects of salt stress in germination and
embryo growth stages of the four prolific and new cultivars of winter rapeseed (Brassica napus L.).
Pajouhesh & Sazandegi, 66, 23-32.

Werner, J. E., & Finkelstein, R. R. (1995). Arabidopsis mutants with reduced response to NaCl and
osmotic stress. Physiolgia Plantarum, 93, 659-666.

Wilson, C., Lesch, S. M., & Grieve, C. M. (1999). growth Stage Modulates salinity Tolerance of New
Zealand Spinach (Tetragonia tetragonioides Pall.) and Red Orach (Atriplex hortensis L.) Annals of
Botany. Annals of Botany, 85, 501-509.

Yaghoubian, Y., Pirdashti, H., Mottaghian, A., & Hosseini, S. J. (2012). Effect of fluctuating salinity at
different growth stages on physiological and yield related parameters of rice (Oryza sativa L.).
International Journal of Agriculture, 2(3), 266-276.

Zabet, M., Shah-Mohammadi, F., Ghaderi, M. G., & Sayyari-Zohan, M. H. (2016). The study of salinity
tolerance in cumin ecotypes at germination Stage. Journal of Applied Crop Breeding, 4(1), 17-34.
[In Persian]

Zeinali, A., Soltani, A., & Galeashi, S. (2002). Respones of germination componets to salinity stress in
oilseed rape (Brassica napus L). Iranian Journal of Agricultural Sciences, 33(1), 137-145.
[In Persian]


http://dx.doi.org/10.61882/jcb.2025.1575
https://jcb.sanru.ac.ir/article-1-1575-en.html
http://www.tcpdf.org

