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Optimization of Callus Induction and Shoot Regeneration in Two Safflower
(Carthamus tinctorius) Cultivars
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Table 1: Components of MS medium in different tissue culture stages of different explants of Golmehr and Soffeh
cultivars in safflower

Sl sl

Components of the culture medium

Culture stage

MS + NAA (0, 0.2, 0.5, 1 mg/L) + TDZ (0.5, 1 mg/L)
MS + NAA (0, 0.2, 0.5, 1 mg/L) + BAP (0.2, 0.5, 1, 1.5, 2, 2.5, 3 mg/L)
MS + NAA (0, 0.2, 0.5, 1 mg/L) + Kin (L, 2 mg/L)

MS + Kin (0.5 mg/L)
MS + GA3 (1 mg/L)
»MS + NAA (1 mg/L  (A)
%MS + NAA (2 mg/L) (B)

MS + NAA (1 mg/L) (C)
MS + NAA (2 mg/L) (D)
MS + IBA (1 mg/L) (E)

MS + IBA (2 mg/L) ()]
%MS (©)]
MS (H)

el g slls sl
Callus induction and branching
Bl g5l asb
Stem elongation

i,
Rooting

e oliais; iz lalesd B yae laisl jsb 4 H B A Gy >
The letters A to H briefly represent the different rooting treatments

YO



ol S alio w0yl Ll 21550 9 w5 adgs bl (g 3lwadagy 1y ) on g lo

abo e8| )5 (NAA § BAP) ul) oaiiS ey g digain; 30 oy 50 25k 5 @lowdlls Dlao uib )l 458 s ¥ Jooxr
515 pelS 5
Table 2: ANOVA Results of callus induction and regeneration traits in assesment of explant and phytohormone (BAP
and NAA) in Soffeh and Golmehr safflower cultivars

)4(‘*-15/ w?‘;) 4o o8,
Golmehr cultivar Soffeh cultivar ol a0 e aalio
b <l oS =t oS df Sources of variation
Regeneration Callus formation Regeneration Callus formation
0.13" 0.46™ 0.14 0.48" 1 Sy
Explant
0.10™ 0.41"™ 0.10™ 0.42™ 6 BAP
0.10™ 0.20™ 0.10™ 0.20™ 2 NAA
0.11" 0.54" 0.11" 0.44™ 6 BAP x NAA
0.13" 0.55" 0.11% 0.45™ 5 i, X BAP
Explant x BAP
0.10" 0.21% 0.11% 0.11% 2 NAA X digeiss)
Explant x NAA
0.16" 0.59" 0.11% 0.45" 10 NAAXBAP X aigein)
Explant x NAA x BAP
0.12 0.21 0.10 012 68 oiles! sl
Experimental error
0.35 0.35 0.32 0.32 - (30,9 Sleadd o 55

CV (%)

ao,0 ) 50 Jloiol mhaus 1o jlo pxe Glo pxe e o S ¥ 4 F NS
ns, * and ™*: Not significant, significant at 0.05 and 0.01 probability levels, respectively

aio bl ;0 (NAA 5 KiN) b)) oaniSaelass g aigeisn; 256 (ow) 2 00 25k 5 @hwslls Slae ul)ls 4o @l ¥ oo
S5l5 el 5
Table 3: ANOVA Results of callus induction and regeneration traits in assessment of explant and phytohormone (Kin
and NAA) in Soffeh and Golmehr safflower cultivars

HeolS 03, Ao o3,
Golmehr cultivar Soffeh cultivar soliTas o yos golie
3" oS w5k hoeslls df Sources of variation
Regeneration Callus formation Regeneration Callus formation
0.05™ 0.45™ 0.07™ 0.26™ 1 Aigaiy )
Explant
0.04" 0.42m 0.05™ 0.41™ 3 Kin
0.06™ 0.46" 0.03"™ 0.40™ 2 NAA
0.06" 0.49™ 0.02" 0.46™ 6 Kin x NAA
0.02" 0.34™ 0.04" 0.34" 3 Lges i X Kin
Explant x Kin
0.07™ 0.20™ 0.06™ 0.11™ 2 NAA X 2590535
Explant x NAA
0.05™ 0.36™ 0.07" 0.39" 6 NAA x Kin x aigei3s
Explant x NAA x Kin
0.03 031 0.02 0.21 22 ohalejl sl
Experimental error
0.32 0.28 0.12 0.35 - (20;0) Olyss oy

CV (%)

ae )0 B Jlio ! maw 1o s g g 0 Sre é oS Sy sk g NS
ns and * **: Not significant, significant at 0.05 probability levels, respectively
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Table 4: ANOVA Results of callus induction and regeneration traits in assessment of explant and phytohormone (TDZ
and NAA) in Soffeh and Golmehr safflower cultivars

AelS ) 4o o3,
Golmehr cultivar Soffeh cultivar soliTax o e molio
=it &l oedlls <t &l oedlls df Sources of variation
Regeneration Callus formation Regeneration Callus formation
0.33® 0.22% 0.35" 0.24" 1 A
Explant
0.38" 0.24" 0.31"™ 0.21"™ 3 TDZ
0.15™ 0.25™ 0.15™ 0.23™ 2 NAA
0.11™ 0.27™ 0.16™ 0.21™ 6 TDZxNAA
0.36" 0.14" 0.34™ 0.22% 3 TDZ x 4igais,
Explant x TDZ
0.23" 0.21% 0.21™ 0.11™ 2 NAA X aigeiss)
Explant x NAA
0.16™ 0.12 018" 0.16™ 6 NAA X TDZ X 4isei,
Explantx NAAx TDZ
0.12 0.22 0.28 0.17 22 ohalesl sl
Experimental error
0.33 031 0.26 0.23 - (32,3) Sl o 5

CV (%)

ao,0 0 Jloio! mhas 1o jlo Sxe g )l Jime e od S 1 5 NS
ns and *: Not significant, significant at 0.05 probability levels, respectively

sl s ik Glee sk 5 (TDZ/NAA), (KIin/NAA), (BAPINAA) Gilise Sse s ol 5 o Sile dulin b Jgomr
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Table 5: The Mean comparisons with different hormone compositions (TDZ/NAA), (Kin/NAA), (BAP/NAA) in terms
of regeneration and callus induction in hypocotyl and cotyledon explants of Golmehr and Soffeh safflower cultivars

(x2,9) & ol w5 (se)0) ad ) (25 wdllS (xe;0) & oI55k (aey0) adps o5k S5,15 o8 ) eeiS L
Cotyledon callus Hypocotyl callus Cotyledon Hypocotyl . -

formation (%) formation (%) regeneration (%) regeneration (%) Medium / Safflower cultivar
61.915+2.07° 62.38+2.36" 16.23+1.08° 2.02+0.68™ BAP (0.2 mg/l)
60.84+1.77 41.34+2.67" 3.27+0.73" 0.00+0.13 BAP (0.2 mg/l)+ NAA (0.2 mg/l)
68.24+1.17° 42.27+1.82 3.32+0.12f 0.00£0.11f BAP (0.2 mg/l) + NAA (0.5 mg/l)
52.28+3.25° 52.55+2.23° 4.58+0.91¢ 0.00£0.19f BAP (0.2 mg/l) + NAA (1 mg/l)
64.65b+2.23° 68.18+0.71° 12.65+1.67¢ 2.12+2.42¢ BAP (0.5 mg/l)
55.34+3.58° 60.05+4.40° 3.12+1.02 2.13+2.02¢ BAP (0.5 mg/l) + NAA (0.2 mg/l)
52.45+2.01° 62.62+3.09° 5.42+3.98¢ 0.00£0.42f BAP (0.5 mg/l) + NAA (0.5 mg/l)
56.21+3.41°¢ 45.25+1.91¢ 6.12+1.64¢ 0.00+0.621 BAP (0.5 mg/l) + NAA (1 mg/l)
59.78+4.55° 79.23+4.92% 10.45+1.02° 0.00£0.32f BAP (1 mg/l)
48.23+1.88° 45.45+2 479 4.98+0.83¢ 0.00£0.72f BAP (1 mg/l) + NAA (0.2 mg/l)
41.24+3.11° 45.34+3 .65 5.11+1.1% 2.13+1.06° BAP (1 mg/l) + NAA (0.5 mg/l)
45.27+1.27¢ 48.27+2.9¢ 3.09+1.73 4,01+1.29¢ BAP (1 mg/l) + NAA (1 mg/l)
66.58+3.57° 80.45+3.25? 15.25+2.15" 13.09+2.42" BAP (1.5 mg/l)
40.28+2.18° 69.18+3.93¢ 16.58+2.72b 17.2345 45 BAP (1.5 mg/l) + NAA (0.2 mg/l) JUN Ly
60.78+3.76" 55.16+0.96° 14.97+2.19° 9.84+2.13% BAP (1.5 mg/l) + NAA (0.5 mg/l) Golmehr
62.26+3.87° 45.35+1.86¢ 3.13+1.25 8.25+4.25° BAP (1.5 mg/l) + NAA (1 mg/l)
81.56+2.86% 80.42+1.65% 15.56+2.94° 14.02+1.05% BAP (2 mg/l)
43.25+2.38¢ 71.4+3.52° 13.05+2.37° 2.58+0.45¢ BAP (2 mg/l) + NAA (0.2 mg/l)
44.25+2.74° 60.07+1.04° 14.68+2.71° 9.87+1.47™ BAP (2 mg/l) + NAA (0.5 mg/l)
84.27+4.98° 80.42+4.11° 16.02+2.18" 0.00+0.45 BAP (2 mg/l) + NAA (1 mg/l)
82.23+5.05° 80.62+7.00° 17.98+2.06° 15.65+4.40° BAP (2.5 mg/l)
70.01+3.01° 62.48+2.34° 19.78+3.58° 15.78+4.45° BAP (2.5mg/l) + NAA (0.2 mg/l)
42.25+1.661 42.28+1.25% 16.08+1.15° 16.14+3.75° BAP (2.5mg/l) + NAA (0.5 mg/l)
42.35+1.22¢ 59.15+2.02° 18.89+1.86% 4,08+1.32¢ BAP (2.5mg/l) + NAA (1 mg/l)
82.89+1.72% 80.65+4.34% 18.75+1.15% 12.98+2.18" BAP (3 mg/l)
82.76+2.27% 80.24+2.07% 3.25+16.04° 11.96+1.20° BAP (3 mg/l) + NAA (0.2 mg/l)
75.87+3.07% 80.56+2.23% 17.98+3.58% 6.23+1.50° BAP (3 mg/l) + NAA (0.5 mg/l)
75.98+4.49° 66.24+1.68" 16.13+0.68" 7.45+2.20" BAP (3 mg/l) + NAA (1 mg/l)

25,105 ls e (gl S pa b auoys gy e | mhaw 40 S i By, b slanSileo
The means with the common letter do not have a statistically significant difference at the 5% probability level

\YY



ol S alio

w0yl 2155k g eIl s bl (g lwdioge 1ol 00 g (0o

5 25k Olee Sk 51 (TDZ/NAA), (Kin/NAA), (BAPINAA) (lises Sgeysn Sl 5 b el dslin ) Jsiz aols|

S, ado g alS B o ad g ad ) Agein 5SS

Table 5 countinued: The Mean comparisons with different hormone compositions (TDZ/NAA), (Kin/NAA),
(BAP/NAA) in terms of regeneration and callus induction in hypocotyl and cotyledon explants of Golmehr and Soffeh
safflower cultivars

(20,0) & ol5 wellS

(22,0) a5 2l w5l

(aoy0) ad I35k (o) ad s 2ls5k

Cotyledon callus Hypocotyl callus Cotyledon Hypocotyl . .
formation (%) formation (%) regeneration (%) regeneration (%) Medium / Safflower cultivar
10.69+1.09¢ 10.06+1.08¢ 0.00+00.00¢ 0.0+0.70°¢ Kin (1 mg/l)
14.34+1.11° 26.15+1.25° 3.8+00.00° 3.94+1.20° Kin (1 mg/l) + NAA (0.2 mg/l)
25.32+1.77° 25.35+2.78¢ 3.12+00.00* 3.01+1.08° Kin (1 mg/l) + NAA (0.5 mg/l)
29.24+2.27" 30.52+3.25" 2.05+0.78" 3.98+1.10° Kin (1 mg/l) + NAA (1 mg/l)
10.16+1.82¢ 11.18+2.75¢ 1.91+0.82° 0.00+1.03¢ Kin (2 mg/l)
37.55+1.34* 35.12+00° 3.02+00? 3.01+1.25° Kin (2 mg/l) + NAA (0.2 mg/l)
38.42+00° 38.45+00° 1.92+00° 2.94+1.7° Kin (2 mg/l) + NAA (0.5 mg/l)
42.06+3.45° 45.22+3.65° 1.21+1.15° 4.21+1.26° Kin (2 mg/l) + NAA (1 mg/l) olS
50.52+1.22° 56.5.23+2.14° 23.22+1.07¢ 17.21+3.25% TDZ (0.5 mg/l) Golmehr
51.64+1.05¢ 55.62+2.27° 32.56+1.34° 15.03+2.24" TDZ (0.5 mg/l) + NAA (0.2 mg/l)
66.52+2.32° 73.51+1.1° 24.23+1.15° 8.00+1.05¢ TDZ (0.5 mg/l) + NAA (0.5 mg/l)
65.52+1.48" 72.55+1 55" 22.23+1.25¢ 5.00+1.04¢ TDZ (0.5 mg/l) + NAA (1 mg/l)
70.28+0.65" 75.29+0.85" 33.54+2.58° 17.12+2.10° TDZ (1 mg/l)
90.69+4.45* 96.64+3.25% 31.0+£1.261° 16.12+2.20%® TDZ (1 mg/l) + NAA (0.2 mg/l)
98.54:+3.55° 99.54:+4.49° 25.12+1.45° 7.01+1.30° TDZ (1 mg/l) + NAA (0.5 mg/l)
92.55+3.56% 98.53+5.35% 24.02+1.05° 10.00+2.02° TDZ (1 mg/l) + NAA (1 mg/l)
62.22+2.24° 66.75+2.1° 11.13+1.2° 2.00+0.86¢ BAP (0.2 mg/l)
54.58+1.85¢ 60.68+1.48¢ 2.10+0.50 2.01+0.70¢ BAP (0.2 mg/l)+ NAA (0.2 mg/l)
50.42+2.22¢ 61.88+1.220 4.80+1.78¢ 0.00+0.40° BAP (0.2 mg/l) + NAA (0.5 mg/l)
54.32+3.25¢ 44.12+1.20¢ 5.25+1.24¢ 0.00+0.00 BAP (0.2 mg/l) + NAA (1 mg/l)
60.44+2.75" 61.56+3.27" 15.11+2.71° 2.03+0.00¢ BAP (0.5 mg/l)
61.11+3.94° 42.82+1 .45 3.14+1.22f 0.00+0.00° BAP (0.5 mg/l) + NAA (0.2 mg/l)
67.20+3.22° 41.59+1.29% 3.11+0.77 0.00+0.00 BAP (0.5 mg/l) + NAA (0.5 mg/l)
51.72+1.11° 51.84+3.09¢ 3.13+2.58¢ 0.00+0.00 BAP (0.5 mg/l) + NAA (1 mg/l)
57.63+3.06" 77.28+6.40° 9.45+0.09° 0.00+0.00° BAP (1 mg/l)
46.11+1.92¢ 44.65+2.55¢ 3.23+1.41¢ 0.00+0.00 BAP (1 mg/l) + NAA (0.2 mg/l)
40.20+1.98¢ 44.25+1.91¢ 4.27+2.64% 2.11+0.90¢ BAP (1 mg/l) + NAA (0.5 mg/l)
44.38+2.47° 47.55+2.83¢ 2.02+3.02f 3.01+0.65¢ BAP (1 mg/l) + NAA (1 mg/l)
65.84+3.88" 76.32+4.88° 14.25+3.27° 12.16+2.250° BAP (1.5 mg/l)
41.21+2.11¢ 68.25+1.1° 15.23+2.65° 13.89+2.60* BAP (1.5 mg/l) + NAA (0.2 mg/l)
60.45+2.93 54.24+2.18° 13.12+2.76" 9.56+2.07b° BAP (1.5 mg/l) + NAA (0.5 mg/l)
61.44+00° 44.12+3.13¢ 3.00£0.7° 7.89+0.86° BAP (1.5 mg/l) + NAA (1 mg/l)
75.23+0.96° 76.12+4.58° 18.25+2.25° 14.57+3.49° BAP (2 mg/l)
71.52+1.25" 61.71+1.85" 18.42+3.85° 14.65+2.25° BAP (2 mg/l) + NAA (0.2 mg/l)
41.89+2.94¢ 41.71+2.40% 15.32+1.86° 15.78+2.68% BAP (2 mg/l) + NAA (0.5 mg/l)
41.87+1.75" 58.64+2.9¢ 17.25+1.75° 3.94+1.07¢ BAP (2 mg/l) + NAA (1 mg/l)
75.56+4.95% 76.35+4.85° 19.69+5.72% 11.22+0.99° BAP (2.5 mg/l) .
81.22+7.80° 78.36+5.50? 16.27+1.86° 10.23+2.12° BAP (2.5mg/l) + NAA (0.2 mg/l) ae
76.28+4.56° 78.1245.45° 19.9545.68° 5.45+1.28° BAP (2.5mg/l) + NAA (0.5 mg/l) Soffeh
76.2445 552 65.13+2.65" 16.12+2.85" 6.55+0.68¢ BAP (2.5mg/l) + NAA (1 mg/l)
75.33+4.25° 76.13+4.49° 14.98+1.25" 12.12+1.83% BAP (3 mg/l)
42.32+5.75¢ 70.03+1.65° 12.12+1.64° 2.11+0.88¢ BAP (3 mg/l) + NAA (0.2 mg/l)
43.44+152° 61.04+3.25¢ 13.67+0.86" 8.63+1.38" BAP (3 mg/l) + NAA (0.5 mg/l)
82.54+2.20° 79.03+2.86° 18.56+3.56° 0.00:0.09 BAP (3 mg/l) + NAA (1 mg/l)
18.88+1.86° 20.45+2.66° 0.00+0.42° 0.00+0.00° Kin (1 mg/l)
31.55+2.28" 36.65+1.35" 4.21+0.17° 2.33+0.00° Kin (1 mg/l) + NAA (0.2 mg/l)
30.55+3.54° 35.55+2.45° 3.78+0.8° 3.12+0.00° Kin (1 mg/l) + NAA (0.5 mg/l)
28.20+5.01° 40.22+4.61° 2.21+2.95° 2.78+0.00® Kin (1 mg/l) + NAA (1 mg/l)
18.51+2.34° 21.66+6.04° 0.00+0.72° 0.00+0.00° Kin (2 mg/l)
48.65+2.58° 77.76+7.05° 4.04+0.85° 3.01+0.13* Kin (2 mg/l) + NAA (0.2 mg/l)
45.54+5.78° 68.45+4.58° 3.32+1.52° 2.79+2.42 Kin (2 mg/l) + NAA (0.5 mg/l)
50.52+6.90° 75.55+6.08° 2.11+0.51° 3.11+2.25° Kin (2 mg/l) + NAA (1 mg/l)
50.80+2.18¢ 52.55+3.11°¢ 25.23+4.82° 18.55+2.42% TDZ (0.5 mg/l)
50.44+5.72°¢ 55.50+2.18° 20.55+3.852° 17.65+3.75° TDZ (0.5 mg/l) + NAA (0.2 mg/l)
65.32+3.720 68.52+5.04° 21.23+3.39 17.52+1.06° TDZ (0.5 mg/l) + NAA (0.5 mg/l)
63.45+4.23 64.50+2.15° 20.54+2.56° 15.23+2.27° TDZ (0.5 mg/l) + NAA (1 mg/l)
65.32+2.29° 66.22+4.29° 15.65+3.52° 12.25+1.34° TDZ (1 mg/l)
92.36+4.38° 97.78+8.48° 16.24+2.86° 11.58+1.15° TDZ (1 mg/l) + NAA (0.2 mg/l)
92.45+8.30° 96.19+7.57° 14.26+2.45° 12.26+1.65° TDZ (1 mg/l) + NAA (0.5 mg/l)
90.65+10.20* 95.49+9.52° 12.58+3.52¢ 5.22+1.72¢ TDZ (1 mg/l) + NAA (1 mg/l)

2,105 ls e (g kel S wa b auoys gy Jles| o 40 S i By, b slanSileo
The means with the common letter do not have a statistically significant difference at the 5% probability level
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Fig. 1: A) Callus formation from cotyledon explants of safflower on the callus induction medium and regenerated
shoots. B) The transfer of regenerated shoots to the rooting medium. C) The transfer of regenerated seedlings to pot
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Fig. 2: The means comparisons in different rooting media in terms of rooting rate in tow varieties of Golmehr and
Soffeh using LSD test at 5% probability level (A to H listed in Table 1)
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Optimization of Callus Induction and Shoot Regeneration in Two Safflower
(Carthamus tinctorius) Cultivars

Dashchi', S., Cheghamirza®®, K, Rahnama®, H. and Zamani*, K.
Abstract

Safflower (Carthamus tinctorius), as one of the most important economic products in the world, has one of the highest
quality edible oils. Safflower cultivars are hardy plants compared to other plants due to different methods of tissue
culture and regeneration. Therefore, it is necessary to provide a high efficiency method for the regeneration of safflower
commercial cultivars. In this study, the effect of different concentrations of BAP, Kin and TDZ on callus induction and
shoot regeneration of hypocotyl and cotyledon explants for two safflower cultivars (Soffeh and Golmehr) in different
concentrations of BAP, Kin, TDZ and NAA (0, 0.2, 0.5 and 1 mg/l) were evaluated. The results showed that the highest
frequency of shoot regeneration also was obtained on MS medium supplemented with 0 mg/l NAA and 1 mg/l TDZ
(33%) from cotyledon explant of Golmehr cultivar. There was a significant difference between cultivar’s shooting,
Golmehr cultivar showed a better shooting percentage. Finally, shoots were transferred to eight different rooting media.
The best medium for rooting was MS medium supplemented with IBA (2 mg/l) + sucrose (2%) + agar (7%). The results
showed that Golmehr cultivar was better than Soffeh cultivar in terms of regeneration and response to optimization.
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