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ABSTRACT

To investigate salinity tolerance in two safflower cultivars and identify the most important traits affecting
salinity tolerance in safflower cultivars (Carthamus tinctorius L.), a greenhouse experiment was
conducted as factoria arrangement based on completely randomized design with four replications.
Treatments were irrigation water salinity (2, 4, 8 and 12 dS/m) and safflower cultivars (Sofeh and
Zendehrud). Plant dry weight in Sofeh cultivar decreased 13, 30 and 58% respectively, while, plant dry
weight of Zendehrud cultivar reduced 9, 28 and 40% under salinity levels. The higher concentration of
chlorophyll a, b, SPAD, peroxidase and superoxide dismutase activity was found in Zendehrud cultivar
under al salinity levels. Enhancement of Na“ concentration in shoot and root, proline and
malondialdehyde was greater in Sofeh cultivar compared to Zendehrud cultivar. Linear regression
analysis revealed significant and negative relationship between plant dry weight with Na“ concentration
in leaf and root and proline content. Plant dry weight was significantly and positively associated with
K*/Na" ratio, peroxidase, superoxide dismutase and chlorophyll a. In general, it was concluded that Na*
concentration in root, shoot (stem + leaf), peroxidase and superoxide dismutase activity can be used as
reliable indicators in identifying salinity tolerant cultivars of safflower.

K eywords: Antioxidant, K*/Na" ratio, Plant dry weight, Proline.
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Table 1. Some chemical properties of the experimental water

Irrigation water

Some cations and anionsin water used in the experiment (meg/L)

sdlinity (dS/m) pH Na' K cr ca Mg HCOs cos
2 7.36 121 0.18 21.05 315 276 0.008 -
4 7.22 25.25 031 43.01 5.98 771 0.018
8 7.10 52.81 0.48 86.30 12.21 13.04 0.031 -
12 7.00 97.2 0.63 127.11 20.63 18.56 0.052 0.0005
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Table 2. Some physicochemical properties of the experimental soil

EC pH Organic Fe Zn
(dS/m)

Cu N P Texture

0.47 7.14 0.78 2.35

Matter (%) (mglgg) (mgkg)  (mg/kg)

K
(mgkg) (%) (mgkg)  (mgrkg)
2.27 0.12 17 450 Silty clay
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Table 3. Analysis of variance and mean comparison of main effect of salinity levels and cultivar on
growth traits and some physiological and biochemical traits of safflower

2 dS/m 4 dS/m 8§ dS/m 12 dS/m

(S35 (555 aline gyt 1 SOt 5,47 0651 by 7 Saale Y S
Fig 2- Chlorophyll (a) contents of safflower cultivars under different salinity levels

Traits Plant . Superoxide )
Pl_am dry  Chlorophyll Chiorophyll Carotenoid Caiglase Pero>l<|dase dismutase Proline Malondialdehyde
Treatments height weight a(mg/g FW) b(mg/g (mg/gFW) SPAD  (Unitmg  (Unit/mg (Unit/mg (umol/g (umol/g DW)
(cm) FwW) protein) protein) ) FW)
(9) protein)
Salinity levels
(dS/m)
2 53.78a 4.15a 8.95a 4.38a 1.44a 55.95a  7.51b 0.32¢c 66.75¢ 0.9d 0.04c
4 50.11a 3.70b 8.30a 4.03a 1.30a 52.60a  6.61b 0.38c 77.45¢c 1l1c 0.06¢c
8 43.37b  2.95c 7.06b 2.25b 1.24a 45.36b 9.73a 0.46b 92.50b 1.51b 0.12b
12 38.52c  2.10d 6.16b 1.74b 0.8b 39.50c  9.1la 0.55a 108.75a 1.63a 0.15a
LSD (5%) 476 041 112 0.8 0.34 4.65 2.18 0.06 11.16 0.04 0.021
Cultivars
Zendehrud 49.31a 3.48a 7.98a 3.48a 1.59 50.55a  8.3%a 0.46a 90.63a 1.56a 0.07b
Sofeh 48.12a 2.92b 7.16b 2.07b 1.25a 46.15b 8.09a 0.40b 81.25b 1.61a 0.11a
LSD (5%) 5.36 0.21 0.51 1.01 0.44 4.12 2.25 0.04 8.1 0.08 0.02
%Ilnlty (S) ** ** * % * * * % * ** ** ** * %
CU|tlvar ** * * % * % * Kk ** * %
© ns ns ns ns
SX C ns ** * % ns ns * % ns * % ** ns * %
ns: non-significant, * and **, significant at 5% and 1% probability levels, respectively.
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Fig 1- Plant dry weight of safflower cultivars under different salinity levels
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Fig 3- SPAD index of safflower cultivars under different salinity levels
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Fig 4- Superoxide dismutase activity of safflower cultivars under different salinity
levels
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Fig 5- Peroxidase activity of safflower cultivars under different salinity levels
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Fig 6- Malondialdehyde comntent of safflower cultivars under different salinity
levels
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Table 4. The concentrations of Na', K* and the K*/Na' ratio in the leaf, stem and root of safflower
cultivars under salinity stress

Cultivars Sall(rgtgy%e)vels Na“" (mg/g DW) K* (mg/g DW) K*/Na" ratio
Leaf Stem Root Leaf Stem Root L eaf Stem Root
2 5.29¢ 3,03 11297  466° 3777 661° 088 124 059
Sofen 4 6.65"b 3.78: 20.092 453 293 599° 068 078  0.30°
8 16.67' 4.72 33.87 423  241° 511° 025 051° 015
12 2425 577" 47190 371" 127% 444 015 022" 0.09
2 5.23¢ 3.82 1117 5217  4.01° 7.8 099 105 0.70°
Zendehrud 4 5.48° 442° 1909° 493 326° 721° 090° 074 038
8 1173 526 2585 4349 312* 687 037¢ 059 027
12 16.21° 673  3451° 410° 243 623° 025 036 018
LSD (5%) 375 0.41 6.92 0.19 0.27 1.44 0.08 0.11 0.05
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Table 5. The concentrations of Ca®*, Mg and P in the leaf, stem and root of safflower cultivars under

salinity stress
Salinity Ca” (mg/g DW) Mg” (mg/g DW) P (mg/g DW)

Cultivars ('C?S’/er']f) Lef  Stem Root  Lesf  Stem  Root  Leaf  Stem  Root
2 13.98b 8.14b 1.94c 15.46b 10.34b  3.88b 2.51b 1.87b 1.46b

Sofeh 4 9.26bc 3.54d 2.1b 14.20b 9.40b 3.26b 1.91c 1.32c 0.85¢

8 5.77d 151e 2.82b 9.69bc 6.58¢c 2.13c 1.34c 0.86¢cd 0.61d
12 2.33¢ 1.06e 3.29b 8.64bc 5.65¢ 1.33d 0.71cd 0.39d 0.29de

2 19.91a 11.46a 2.54b 24.49a 15.98a 6.12a 3.66a 2.78a 2.12a

Zendehrud 4 17.18a 6.07c 2.59h 16.89b 11.05b  3.86b 1.93b 1.34c 0.96¢
8 14.59ab 2.09d 4.96a 12.17bc 8.09c 2.67c 1.62c 1.06¢ 0.73c

12 11.38b 1.23e 5.01a 11.21bc 7.19c 1.84c 0.91cd  0.53cd 0.37d

LSD (5%) - 3.29 191 1.29 4.16 2.44 0.96 0.58 0.44 0.30
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Table 6. Simple correlation coefficients between plant dry weight and ions concentrationsin leaf, stem
and root of safflower

1 2 3 4 5 6 7 9 10 11 12 13 14 15
1 1

2 097" 1

3 -078 076 1

4 -098" 0977 080 1

5 096" -091" -069" -092" 1

6 09" -093" -0.70™ -0.97" 0917 1

7 085" -0.83 -0.39® -0.83 087" 090" 1

8 085" -0.82° -049™ -0.81 088" 089" 099"

9 086" -077 -073 -085" 089" 083 075 0.76 1

10 -0.51" 0.48™ 0.85° 050 -048™ -0.34™ -0.04™ -0.06™ -057™ 1

11 086" -0.78° -059™ -0.83° 093" 083" 084" 0847 094" -041™ 1

12 087" -0.80° -0.62" -0.84" 094" 084" 084" 084" 096" -043* 099" 1

13 091" -0.83 -0700 -0.88" 095" 088" 082 083 095" -060 098" 099" 1

14 088" -081" -0.76° -0.89" 091" 089" 077 077 095" -052® 094" 095" 098" 1

15 0.89" -0.80° -0.78 -0.88" 090" 087" 076 078 09~ -053* 094" 095 098" 099" 1

16 091" -0.76° -0.74 -086" 088" 088" 079 075 097" -050° 093" 094" 097" 099" 0.99”

1: Plant dry weight, 2: Leaf Na, 3: Stem Na, 4: Root Na, 5:
Stem Ca, 10: Root Ca, 11: Leaf Mg, 12: Stem Mg, 13:

Leaf K, 6: Stem K, 7: Root K, 8: Leaf Ca, 9:
Root Mg, 14: Leaf P, 15: Stem P, 16: Root P.
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