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Fig. 1- The daily rainfall and maximum and minimum temperature of the experimental site during the canola growing season in

2017-2019
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Table 1. Physical and chemical properties of soil
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Table 2. Number and volume of irrigation in drought stress treatments
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Table 4. Characteristics of canola genotypes in the experiment
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Table 5. Bartlett test results
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Table 6. Combined analysis of variance of traits in canola cultivars under drought stress conditions
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Table 6. Cont. Combined analysis of variance of traits in canola cultivars under drought stress conditions
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Fig. 2- Effect of drought stress on growth period duration
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Table 7. Interaction of yearx genotype on some measured traits of canola
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Means in each column followed by a similar letter (s) are not significantly different at 5% probability level using LSD Test
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Table 8. Interaction of yearx drought stress on some measured traits of canola
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Water use Oil content 1000-seed ORI e )
efficiency (%) weight (g) Number of Number of Irrigation regime Year
(kg m®) > g9 seeds per pod pods per
plant
L
0.90a 45.8a 4.18a 25a 231a Jyere e
Common irrigation
SRz 5> 4l 5 sk &hd . 9
0.59 b 42.6b 2.71b 19b 136 b Withholding irrigation =7 g
from the silique setting > :
stage =3
P Al o 5l (s ol ko
0.53b 41.2¢ 2.26 ¢ 17b 113¢ Withholding irrigation
from the flowering stage
L.t
0.97a 46.0 a 4.30a 26a 246 a Jsos .
Common irrigation
R Y 3 NI -9
0.73b 44.4b 3.04b 22 179b Withholding irrigation <7 g
from the silique setting pace
stage =39
P Al o 3l (s )l ko
0.65b 424 ¢ 2.36¢C 18¢c 133¢c

Withholding irrigation
from the flowering stage
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Means in each column followed by a similar letter (s) are not significantly different at 5% probability level using LSD Test
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Fig. 3- Effect of year on seed yield
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Table 9. Interaction of drought stressx genotype on some measured traits of canola

Y

X Sas

ta

G595

IS 30 (o5 990 Slio

.
)

Genotype

a9 50 &l olaws
Number of seed
per pod

gy S azygt oldad
Number of pod
per plant

als Je o3
1000- Seed weight
(@

O3y ey
Oil precentages

ails 5 ,Sles
Grain yield
(kg ha')

Py 38kee
Oil yield (kg ha')

el pae S
Water use
efficiency (kg m3)

Talayeh

24.8d

230.7 de

3.94 cd

45.58d

4661 cd

2125.7 cd

0.90 cd

Okapi

284 a

269.8 ab

522 a

46.52 b

5558 a

2586.8 a

1.08 a

SLMO046

26b

245 cd

4.38 be

4593 ¢

4948 bc

2274.1 be

0.96 bc

Jyere r@r...‘_
Common irrigation

Ahmadi

224

195.6 f

3.15e

44.83 ¢

3978 e

1784.0e

0.77e

Zarfam

24.4d

228.7e¢

3.84d

4551d

4630 d

2108.3d

0.90d

Licord

25.6 bd

239.9 cde

419 cd

46.04 ¢

4784 bed

2203.5 bed

0.93 bed

Neptun

293 a

280.5a

554a

46.99 a

5698 a

2678.8 a

1l1la

Natali

26.7b

254.8 bc

465b

46.39b

5076 b

2356.5b

0.99b
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Table 9. Cont. Interaction of drought stressx genotype on some measured traits of canola

Gues

Genotype

a5 5o &l oldas
Number of seed
per pod

Lot 3 ez yge Sl
Number of pod
per plant

ails )l 03
1000- Seed weight
(@

O3y ey
Oil precentages

als 8 Slos
Grain yield
(kg ha™)

Obey 9,See
Oil yield (kg ha't)

ST yae S
Water use
efficiency (kg m®)

GK Gabriella

23.1e

203.4e

3.36¢e

45.28d

4087 e

1851.2¢

0.80e

Opera

25.2d

237.8 de

4.09 cd

4597 ¢

4752 cd

2185.6 cd

0.92 cd

Talayeh

19e

144 4 f

2.59 gf

42.74d

2257 e

972.1e

0.58¢e

Okapi

20.4 cd

159.2 de

2.88 de

43.75¢

2648d

1161.3d

0.69d

SLMO046

21.7ab

182.3 ab

3.22b

44.40 ab

3144 ab

1397.9 ab

0.81ab

Ahmadi

17.1f

117.7g

2.25h

4145e

1668 f

6959 f

0.43f

2302555 5| 6 ol elad
Withholding irrigation from the sili

Zarfam

21 be

168.7 cd

3.00 cd

44.04 b

2864 cd

1263.0 cd

0.74 cd

Licord

19.6 de

150.2 ef

2.76 ef

43.17d

2322 e

1010.1e

0.60e

ue setting stage

Neptun

21cb

165.5cd

3.07 bc

44.19 b

2730 cd

1209.7 cd

0.71cd

Natali

223a

189.6 a

342a

44.85 a

3237a

1453.6 a

0.84a

GK Gabriella

176 f

122.4¢g

241 gh

41.87¢

1721 f

7254 f

0.44 f

Opera

21.6 ab

175.5 bc

3.19b

44.48 ab

2951 cb

1314.6 bc

0.76 bc
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Table 9. Cont. Interaction of drought stressx genotype on some measured traits of canola

SEERaEE

G

IS 50 (ow)p 930 Slie 5

. s
)

Genotype

a5 5o &l oldas
Number of seed
per pod

Byt 3 ez yge Sl
Number of pod
per plant

ails )l 03
1000- Seed weight
(@

O3y ey
Oil precentages

ails o Sles
Grain yield
(kg ha™)

Py 3Skee
Oil yield (kg hat)

ST yae S
Water use
efficiency (kg m®)

Talayeh

15.5d

99d

1.76 ef

40.03d

1291c

516.1¢c

0.40c

Okapi

176¢c

123¢c

2.34d

41.96 ¢

1992 b

836.8 b

0.62b

SLMO046

19 ab

139.5ab

2.59 bc

42.98 ab

2377 a

1020.6 a

0.74a

PS5l (sl ol
Withholding irrigation from the flowering stage

Ahmadi Zarfam Licord Neptun

15.1d 19.2a 16 d 18.1 bc
96 d 1435a 102.9d 127.9 bc
191f 2.62 abc 2.00e 2.50 cd

39.71d 43.09 ab 40.43d 42.38 bc

1216 ¢ 2472 a 1334 ¢ 2048 b
483.5¢c 1065.7 a 538.5¢c 869.2 b
0.37c 0.77a 0.41c 0.64 b

Natali

196a

145.1a

2.76 ab

43.41a

2441a

1058.7 a

0.76 a

GK Gabriella

15.6d

99.9d

2.04 ef

40.10d

1257 ¢

504.9 ¢

0.39¢c

Opera

198a

1493 a

2.80a

43.52 a

2539 a

1105.2 a

0.79a

L5515l gime glis oy gty Jlei] i 10 LSD 9031 (bl aiian S s Gy yo 6l )lo a5 olauSilie g o 0 *

Means in each column followed by a similar letter (s) are not significantly different at 5% probability level using LSD Test
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Fig. 4- Effect of year on oil yield
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Table 11. Correlation coefficients between grain yield of canola under non-stress and drought stress conditions and drought
tolerance indices
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of canola (Brassica napus L.) under Karaj climatic conditions. Environmental Sciences. 21(1): 225-250.

Introduction: Available water for irrigation of canola decreases towards the end of the season, due to reduced
rainfall and the simultaneous late-season irrigation for other spring crops. Therefore, the possibility of the plant
facing drought stress in the final stages of growth is very likely. So, the selection of drought-tolerant genotypes
is very important in arid and semi-arid regions.

Material and methods: The field experiment (2016- 2017 and 2017- 2018) was conducted as a split-plot
arrangement in a randomized complete blocks design with four replications in Karaj agricultural research
station. Treatments included drought stress regimes (common irrigation, withholding irrigation from the silique
setting stage, and flowering stage) in main plots and canola genotypes (Talayeh, Okapi<SLM046, Ahmadi,
Zarfam <Licord, Neptun, NataliGK Gabriella, and Opera) in sub-plots.

Results and discussion: The results showed that drought stress significantly reduced the number of pods per
plant, the number of seeds per pod, 1000-seed weight, seed yield, growth period duration, oil content, oil yield,
and water use efficiency (WUE). Under common irrigation, the highest seed yield was obtained from okapi «
Neptun, and Natali genotypes with 5558, 5698, and 5076 kg ha'%, respectively. Under drought stress, SLIMO046 ¢
Zarfam <Natali and Opera had the highest seed yield with 3144, 2864, 3237, and 2951 kg ha in withholding
irrigation from the silique setting stage and 2377, 2472, 2441, and 2539 kg ha in withholding irrigation from
the flowering stage, respectively. GMP, MP and STI indices were highly correlated with seed yield under both
stress and non-stress conditions. Therefore, they were introduced as suitable indices to identify superior
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genotypes for both environmental conditions. Accordingly, the most resistant genotypes were Okapi, SLMO046,
Zarfam, Neptun, Natali and Opera.

Conclusion: Based on the results, Okapi, SLMO046, Zarfam, Neptun, Natali and Opera are recommended as
suitable genotypes for cultivation in Karaj climatic conditions.

Keywords: Drought tolerance indices, Oilseed crop, Terminal drought stress, Water use efficiency.
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